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INTRODUCTION 
In the fall of 1941 a new bacterial leaf streak disease was found caus-
ing many olivaceous, water-soaked translucent streaks on the foliage of 
brome grass (Bromus inermis Leyss) in the vicinity of Ames, Iowa. This 
disease occurred on brome grass in pastures, fields, and on escaped plants 
in waste places and along roadsides. A yellow bacterium was isolated 
from the streaks that was much like the Xanthomonas occurring on barley, 
wheat, and rye. This brome strain afforded a new approach to the host 
range, pathogenic specialization, and overwintering of Xanthomonas trans-
lucens (J. J. and R.) Dowson, which causes the well-known bacterial 
blight of barley and rye, and the black chaff disease of wheat. 
THE SYMPTOMS OF XANTHOMONAS STREAK ON BROME GRASS, TIMOTHY, 
BARLE~", RYE, AND WHEAT 
The diseases caused by X. translucens have been described on barley, 
rye, and wheat and named bacterial blight of barley and rye (9, 12), and 
black chaff of wheat (15). Recently, Bamberg (1) has described more 
completely the foliage symptoms of the black chaff disease. Since neither 
"bacterial blight" nor "black chaff" is descriptive of the disease caused by 
X. translucens on brome grass and timothy, it seemed necessary to de-
scribe and compare the symptoms on the two grasses and three cereals. 
The first evidence of infection on brome grass, timothy, barley, rye, 
and wheat was the appearance on the leaf blade of small water-soaked, 
translucent areas (Fig. 1-6). These gradually became elongate in the 
interveinal parenchyma to form the olivaceous streaks. Following periods 
of high humidity with the temperature ranging from 26°C. to 32°C. the 
streaks often extended from the ligule to the tip of the leaf blade. Often 
the surface of the fresh, water-soaked streaks was covered with milky to 
yellowish droplets of bacterial exudate. As the tissues in the lesions 
became charged with bacteria, the streaks turned a yellowish-brown with 
- only isolated translucent areas (Fig. 7, 9). Later the lesions became 
brownish-black with small, golden, translucent areas that were visible 
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only in transmitted light (Fig. 8). This black discoloration of lesions oc-
curred frequently on diseased leaves in the field and greenhouse. In many 
instances the streaks on diseased leaves in the field were covered with thin 
whitish to yellowish scales or yellowish to rusty-orange granules of bac-
, 
FIGS. 1-6: Injury to (1) oats (2) wheat (3) barley (4) barley (5) timothy (6) 
timothy artificially inoculated in the greenhouse with the brome grass strain of 
Xanthomonas translu.cens. 
terial exudate. On the two grasses in the fall, when the temperature was 
warm in the day and cool at night, the streaks were short and changed 
rapidly from the water-soaked, translucent condition to dry, brownish-
black lesions. 
The most severe injury to brome grass in the field was the water-
soaking and killing of the young shoots in June and July just prior to 
heading. The two upper leaves of infected plants were yellow, water-
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FIGS. 7-9: Xanthomonas streak on brome grass. (7) Brome grass shoot collected 
in the field, showing the characteristic translucency. (8) Long, brownish-black streaks 
covered with large scales of dried exudate. (9) Water-soaked, translucent streaks 
resulting from artificial inoculation with the brome strain of Xanthomonas translucens. 
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soaked, and translucent. In such cases a mass of dried bacterial exudate 
often collected in the cavity of the leaf whorl sealing in the emerging head. 
In other instances, the dried bacterial exudate attached the emerging flag 
leaf to the adjacent leaf below it in a manner that often prevented its 
emergence from the spiral whorl. Similar injury was noted on barley 
{Fig. 3, 4), rye, and wheat, although the affected areas were smaller. 
Timothy was not observed to be so severely infected. During July and 
August, 1944, 190 infected shoots of brome grass were studied. Seventy-
eight shoots had the upper five leaves infected and 74 per cent of these had 
diseased growing points. In this study it was found that if the top three 
to five leaf blades and leaf sheaths of the shoot were infected the heads 
of such shoots were killed. 
In general the syl}:lptoms on the leaf sheath of brome grass, timothy, 
barley, rye, and wheat were identical with those on the blades. When 
infection occurred at many points the whole sheath became yellow, water-
soaked, and finally necrotic. The sheath symptoms were particularly 
evident when the top two leaves were infected. On brome grass the leaf 
sheaths became water-soaked and finally turned black, while on timothy, 
barley, rye, and wheat the .sheaths turned yellowish to dark brown. When 
the leaf sheaths were removed from the culms of the above hosts, a thin 
sheet of bacterial exudate was evident on the culms. This condition was 
common on barley, brome grass, rye, and wheat plants artificially inocu-
lated. 
Lesions occurred on the heads and culms of brome grass and the 
cereals, but not on the heads of timothy. Often the lesions on the heads of 
brome grass were inconspicuous and difficult to detect in the field because 
of the narrow rachises of brome. However, conspicuous, broad, blackish-
brown streaks developed on the culms of the two grasses and cereals in 
the field as the seed matured. Blackish streaks occurred on the glumes 
of brome grass, resembling those streaks on the glumes of barley, rye, and 
wheat. The black streaks on the glumes complete the symptoms found 
on the grasses and cereals except, of course, the blackish lesions which 
occur on wheat kernels. No lesions have been observed on the other grass 
seeds. Since the symptoms on the five hosts were so much alike it seems 
appropriate to call the disease on all the hosts of X. translucens by the same 
name. Because streaking was the most characteristic symptom on the five 
hosts it is proposed that the disease caused by X. translucens on brome 
grass, barley, rye, timothy, and wheat be k?own as Xanthomonas streak. 
SOURCE OF ISOLATES AND THEIR COMPARATIVE 
CULTURAL RESPONSE 
Isolations from streaks on the leaf blades and sheaths of diseased 
brome grass were made in the fall of 1941 from the material collected at 
the Agronomy Farm, the Dairy Farm, and the Soil Conservation Nursery 
near Ames, Iowa, and from diseased barley and wheat collected at 
Kanawha, Iowa. The pathogen also was isolated from diseased seedlings 
grown in petri dishes or in soil in the greenhouse. From time to time iso-
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lations were made from different plant structures such as the embryo, 
coleoptile, plumule, leaf blade, leaf sheath, panicle, and glume of barley, 
wheat, rye, timothy, and oats. The presence of bacteria in the tissues was 
determined by observing cut sections of diseased material for bacterial 
streaming under the microscope. Companion sections of diseased tissue 
were immersed in a tube of sterile, distilled water. After two to three 
minutes a loopful of water from the tube was streaked on an agar plate. 
Usually two plates were streaked from each tube. This method made it 
possible to omit the dilution plates. As the. work progressed it was pos-
sible to distinguish the brome grass pathogen in culture by its colony 
characteristics and its yellow color and translucency on agar. The cultur-es 
which were used in these studies are listed in Table 1.1 
The identity of the brome grass pathogen was established by com-
parative cultural studies of isolates from brome grass, barley, rye, timothy, 
and wheat. Morphologically the brome grass pathogen was similar to the 
others. The cells were cylindrical rods, rounded at the ends, occurring 
individually or in pairs. The size of the individual rods varied with the 
stain or the age of the culture, but in general they ranged in measure-
ment from 0.5µ to 0.8µ by 1µ to 2.3µ. The brome grass pathogen was simi-
lar to the other pathogens in that it was motile. Single polar flagella were 
demonstrated by a modification of the methods of Zettnow as given by 
Ficker (6) and Craigie (2). All of the isolates were Gram positive and 
non-acid fast. On nutrient agar the brome grass organism was a slightly 
deeper yellow than the other organisms; the streak was raised, glistening, 
and the margin smooth. The pathogens from barley, timothy, and wheat 
were viscous on this medium while the brome and rye pathogens were not. 
On potato dextrose agar, all isolates grew copiously. The streaks of the 
organisms were a shiny creamy yellow with whitish margins. In nutrient 
broth the pathogen from brome grass was oharacteristically like the other 
pathogens in forming a coarse pellicle which upon breaking formed a 
sediment. The morphological and cultural characters of the isolates from 
barley, brome grass, rye, timothy, and wheat conformed to the characters 
described for X. translucens by other investigators (8, 10, 13). The bio-
chemical tests used in these studies followed the outline of the Society of 
American Bacteriologists (17) . The brome grass and cereal isolates 
liquified gelatin, did not reduce nitrates, produced hydrogen sulphide and 
ammonia, reduced litmus milk, peptonized milk, did not produce indol or 
acetyl methyl carbinol, did not utilize citric acid in Koser's citrate me-
dium, and partially hydrolyzed starch. Jones, Johnson, and Reddy (10) 
and Bamberg (1) studied carbohydrate utilization by one or more strains 
'Grateful acknowledgement is extended to Dr. Mortimer P. Starr of the Hopkins 
Marine Station, Pacific Grove, California, for his cooperation in supplying cultures 
XTl., XT4, XT5, XT6, XTI, XT8, and XT9. XTl and XT4 are Hansen's X. translucens 
hordei and X. translucens undulosa; XT5 is Bamberg's X. translucens undulosa; XT6 
7, 8, and 9 are Hagborg's X. translucens hordei-avenae 377, hordei-avenae 451, X. 
translucens undulosa, and X. translucens cerealis. It is a pleasure to acknowledge the 
receipt of J(. translucens hordei-avenae 377, X. translucens hordei-avenae 451, and 
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TABLE t 
ISOLATES OF Xantlzomonas translucens FROM BROME GRASS, BARLEY, RYE, TIMOTHY, AND WHEAT 
Original 
Host 
Brome Grass 
Barley 
Rye 
Wheat 
Timothy 
Isolate 
No. 
4 
60 & 
62 
84 & 
85 
97 
17 
20 
20a 
10 
10b 
11 
42 
92 
2 
3 
Source Isolate 
Water-soaked streak of leaf blade. 
Field collection 
Blackish streak on dead leaf. 
Field collec;tion 
Water-soaked flag leaf. 
Field collection 
Water-soake:I streak on leaf sheath. 
Field collection 
Long, water-soaked translucent streak 
on leaf blade. Field collection 
Reisolate of No. t 7 from water-soaked 
streak on leaf blade. Greenhouse col-
lection 
Reisolate of No. 20 from water-soaked 
streak on leaf blade. Greenhouse col-
lection 
Brownish-yellow translucent streak on 
leaf blade. Field collection 
Reisolate of No. 10 from water-soaked 
translucent streak. Greenhouse col-
lection 
Reisolate of Hagborg's X. translucens cer-
ealis. Greenhouse collection 
Reisolate of 11 from water-soaked traqs-
lucent streak of leaf blade. Green-
house collection 
Brownish, translucent streak on leaf 
blade dried six months. Field col-
lection 
Water-soaked translucent streak on leaf 
blade. Field collection 
Reisolate of No. 1 from water-soaked 
translucent streak. Greenhouse col-
lection 
Yellowish exudate granules on leaf 
blade. Field collection 
Date Collected 
. 
October 28, 1941 
January 18, 1944 
July 28, t 944 
August 12, 1944 
June 6, 1942 
September 20, 1942 
June 12, 1944 
April 12, 1942 
June 20, 1944 
March 28, 1943 
October 19, 1943 
June 6, 1944 
October 26, 1941 
November 5, 1941 
April 15, 1942 
0£ X. translucens using peptone in the basal medium. Hagborg (8) in 
studying strains of X. translucens used ten different carbohydrates) a glu-
coside, and three higher alcohols in an inorganic basal medium. In the 
studies presented here, four additional carbohydrates in a synthetic basal 
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medium were used. In general the brome grass pathogen was like the 
other isolates of X. translucens in its utilization of the carbohydrates. 
None of the isolates utilized arabinose, d-xylose, rhamnose, levulose, 
salicin·, maltose, cellobiose, raffinose, starch, inulin, dulcitol, mannitol, or 
inositol. The failure of the isolates to utilize salicin confirms Dowson's 
(3) findings in his study of the genus Xanthomonas. On the other hand, all 
of the isolates utilized glucose, d-galactose, mannose, lactose, and sucrose, 
except the rye isolates which did not utilize d-galactose, mannose, lactose, 
or sucrose; the timothy isolat~s which did not utilize d-galactose and 
mannose, and the two isolates of X. translucens hordei-avenae and the 
wheat isolates which did not utilize lactose. 
OVERWINTERING ON PERENNIAL GRASS HOSTS 
Little is known about the overwinteripg of bacterial pathogens on 
cereals and grasses. It is important in developing control measures to 
know how X . translucens and other bacterial pathogens on cereals and 
grasses live over from year to year. Miss Elliott (4) believed that Pseudo-
mo-nas coronafaciens lived over in the oat seed. Rosen (14) postulated 
that Ps. alboprecipitans overwintered in the soil on the dead glumes or 
dead leaves of foxtail. Miss Elliott (5) thought that Bacterium panici was 
· carried over on the seed of proso millet. Reddy and Godkin (12) sug-· 
gested that Bact. coro-nafaciens atropurpureum overwintered in the leaves 
of dead brome grass and that it was transmitted with the seed. (The author 
on March 7, 1945, collected diseased brome grass leaves that had over-
wintered in the field and isolated the pathogen from them.) 
The method of overwintering of Xanthomonas translucens on the 
cereals is not definitly known, although there is some evidence that the 
organism may be seed borne. Jones, Johnson, and Reddy (9) were able to 
obtain infection in their barley plots by planting infected seeds. They 
' assumed that the infection came from the diseased seed because they were 
able to isolate the organism from the lesions on the hulls of dry seed. 
Bamberg (1) was unable, however, to detect infection among seedlings 
arising from infected wheat seed. He was quite convinced that infected 
wheat seed played only a minor role in carrying over the black chaff 
organism from year to year. Instead, Bamberg concluded from his tests 
relating to the longevity of the pathogen in the soil, that the organism 
overwintered in the soil. When it was established that the Xanthomonas 
streak organism occurred on brome grass and timothy the question arose 
as to what role perennial hosts might play in overwintering of the pathogen. 
No one has suggested the possibility of the organism's living over in 
perennial hosts. Brome grass afforded excellent material for investigating 
the possibility of the organism's surviving in the tissues over winter. This 
led to a series of experiments extending over the last three years in which 
·observations and isolations were made from diseased brome grass growing 
on the Soil Conservation Nursery plots, on the Agronomy Farm, and in 
other plantings of brome grass in the vicinity of Ames, Iowa. The disease 
was prevalent each fall in the places named above. As is known, Bromus 
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inermis is a perennial which starts early in the spring, producing new 
shoots from the crown. The host is cold resistant and many of its leaves 
remained alive all winter. In November, lesions were common on the few 
remaining living leaves and also on the dead leaves which were still 
attached to the crowns of the plants. 
Collections of diseased brome grass leaves were made from the field 
as early as the sixteenth to twentieth days of March, when the young 
shoots began to develop beneath the old, dead, browned foliage. Many of 
the lesions on the young leaves were characterized by copious exudate and 
a brownish coloration. Isolations were made from such diseased material 
in the spring of 1942, 1943, 1944, and 1945. At the time these collections 
were made it was noted that the leaves from the previous year were yet 
attached, in some instances, to the plants from which the new shoots arose. 
Naturally the growing plants were matted with old, dead, wet leaves, 
sometimes touching and sometimes overhanging a new shoot. Close ex-
amination of the dead leaves revealed some that showed long, blackish 
streaks. On other leaves the streaks were masked by the brownish color 
of the leaf until the leaves were held up to the light, which disclosed 
golden brown, translucent streaks. Some specimens were marked with 
very short streaks (Fig. 10) usually located near the tip of the leaf blade. 
In the fall of 1943, diseased brome grass plants at the Agronomy Farm 
were marked with tags and used for isolation studies throughout the 
winter. Isolations were made in November, December, January, and 
March from the tagged plants. The cultures obtained from these tagged 
plants were found to be pathogenic. Collections were made on April 6, 
1944, of young green leaves which exhibited long, water-soaked and 
brownish-black streaks. One diseased shoot in particular emerged directly 
below an old tagged diseased leaf. A yellow organism proven to be·patho-
genic was isolated from this young shoot. Early in May these plants were 
observed for evidence of further spread of the pathogen on the compara-
tively large plants. The brownish, or olive green, water-soaked streaks 
were evident on the leaf blades throughout the plot. Some plants were 
nearly free of disease while others were heavily infected. 
In March of 1945 collections of diseased material from a twenty acre 
. field of Bromus inermis "var. Fischer" were made. Dead leaves, leaves of 
the previous year's growth, and new shoots which exhibited typical streak 
symptoms were found. The streaks on the infected leaves of the young 
shoots were covered with large yellow granules of bacterial exudate; 
while on the other hand some streaks on the dead leaves and the past 
year's leaves were covered with thin, whitish and orange scales. After 
obtaining seven yellow isolates from this material, it was found that all 
were pathogenic when tested on Bromus i~ermis "var. Fischer," and "var. 
951," Arivat and Wisconsin-38 barley, oats, rye, and wheat. These patho-
genic cultures were obtained from both living and dead leaves. 
During the last week of March, 1945, diseased leaves from young 
shoots of timothy two inches high and diseased green leaves from the pre-
vious year's growth were collected. The disease on the young shoots was 
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characterized by yellowish, water-soaked, translucent streaks (Fig. 11), 
while on the old leaves the most chara.cteristic symptom was the brownish-
black, translucent streak. From the above material four yellow isolates 
were obtained which were pathogenic on timothy but not on barley, 
brome grass, rye, oats, and wheat. The discovery of the disease on old 
and young leaves of timothy clearly indicates that Xcmthomonas trans-
Fies. 10- 11: Characteristic yellowish, water-soaked streaks caused by Xantho-
mon as translucens on young leaves and brownisl) lesions on older leaves of (10) 
brorne grass and (11) timothy collected in the field March 20, 1945. 
lucens may overwinter in the tissues of two perennial grasses, timothy 
and brome grass. 
Since brome grass occurs commonly in fields, fence rows, and waste 
places, there is an opportunity for the pathogen to spread from it to the 
cereals. In cross inoculation experiments it was shown that the bacterium 
from brome grass will parasitize barley, rye, and wheat. Consequently, 
brome grass harbors the Xanthomonas organism which may spread an-
nually to the cereals, thus affording another way for the pathogen to sur-
vive other than in the seed as described by Jones, Johnson, and Reddy (10) 
and in the soil as described by Bamberg (1). 
BIOLOGIC SPECIALIZATION IN XANTHOMONAS TRANSLUCENS 
That specialization existed in X. translucens was first demonstrated 
by Smith, Jones, and Reddy (16) in 1919. They considered the black 
TABLE 2 
A COMPARISON OF THE AMOUNT OF INFECTION RESULTING FROM THE SPRAYING AND HYPODERMIC NEEDLE METHODS 
ON Srx HosTs USING FouR STRAINS OF Xanthomonas translucens 
=============r================T:============o=::: 
Host 
Sprayed 
With Four Strains 
Brome Wheat Barley Rye 
No. No. No. No. No. 
Trials Pl. Inf. Pl. Inf. Pl. Inf. Pl. Inf. 
Hypodermic Needle Injection 
With Four Strains 
Brome Wheat Barley Rye 
No. No. No. No. No. 
Trials Pl. Inf. Pl. Inf. Pl. Inf. Pl. Inf. 
-------------------1~------------------ -------------------
Barley 
"var. Velvet" .. .............. ....... .. . 
"var. Peatland" ... ................... . . 
" ~ ( 
2 
1 * 
2 
1 
70 20 70 
10 10 10 
70 0 70 
10 6 10 
38 70 
10 10 
2 70 
4 10 
4 70 
10 10 
0 70 
4 10 
35 
10 
0 
3 
3 
3 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 25 
25 25 
25 
25 
___________________ , ___ ---------------- -------------------
Brome grass . . ... ................ . 
" " ... \ .... .. ........ .. ........ . 
2 
1 
70 45 70 
10 10 10 
0 70 2 70 
0 10 10 10 
0 
0 
3 25 25 25 0 25 25 25 0 
___________________ , ___ ---------------- -------------------
Oats 
"var. Boone'' . . .......... ....... .. . . .. . . 
" " 
"var. Erban" 
" " 
2 
1 
2 
1 
70 
10 
70 
10 
0 70 
0 10 
0 70 
5 10 
0 70 
0 10 
0 70 
0 10 
0 70 
5 10 
0 70 
3 10 
0 
0 
0 
0 
3 
3 
25 0 25 0 25 15 25 
25 25 25 25 25 15 25 
2 
3 
------------------·-------------------- -------------------
Wheat ......... . 2 
1 
70 
10 
3 
3 
70 
10 
37 
10 
70 
10 
1 
2 
70 
10 
25 
10 
3 25 25 25 25 25 5 25 24 
--------------------~-~-~-~-~-~-~-~-~---~'---'---'--'--'----''----'---'- -
*The leaves of the hosts in the last trial were abraded before spraying. 
f-' 
00 
0 
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chaff organism on wheat a variety of X. translucens and called it Bacterium 
translucens var. undulosum. Since that time seven other strains have been 
described (1, 8, 13) , and in this work five others are added. The discovery 
that Xanthomonas translucens occurred naturally on brome grass afforded 
a new approach to the problem of biologic specialization in the organism. 
In determining the host range of the different strains, the brome strain 
was first compared with the wheat strain and subsequently with the rye 
and barley strains. 
A COMPARISON OF SPRAYING WOUNDED AND UNWOUNDED FOLIAGE WITH THE 
~YPODERMIC METHOD OF FOLIAGE INOCULATION 
The early cross inoculation work with the barley, rye, and wheat 
strains of X. translucens was done by spraying the pathogen on the leaves 
of the host. Smith (15) contended that the most common mode of infection 
was through wounds. Later, Zehner and Humphrey (19) in 1929 working 
with U stilago nuda and Puccinia graminis tritici showed the greater cer-
tainty of infection when the spore suspensions of these fungi were inocu-
lated hypodermically into the cereals. Bamberg (1) utilized this method 
successfully in his inoculation trials with Xanthomonas translucens from 
barley, rye, and wheat. Hagborg (7), on the other hand, found the spray 
method to be unsatisfactory for testing the pathogenicity of isolates. He 
inoculated the plants by piercing the coleoptile and enclosed leaves with 
a needle which had been dipped in inoculum. These results raised the 
question of the relative merits of the different methods in determining 
the range of biological specialization of the strains of X. translucens. In 
comparative trials two methods of infection through natural openings and 
wounds on the foliage were compared using the brome grass, barley, rye, 
and wheat strains of X. translucens. 
The spray method of inoculation consisted of spraying the foliage of 
the host with water suspensions of 48 hour cultures of the brome grass, 
barley, rye, and wheat strains. After being sprayed, the plants were placed 
in moist chambers for 72 hours where the temperature fluctuated from 
15°C. at night to 27°C. during the day. Three trials were made with 40, 
30, and 10 plants inoculated in the first, second, and third trials, respec-
tively. At the outset of the third trial the leaves of the host plants were 
abraded lightly with a piece of fine sandpaper, then immediately sprayed 
with a suspension of the organism. No lesions were evident on trials one 
and two until three weeks after inoculation. However, there were streaks 
apparent on the abraded plants in the third trial within seven days, at 
which time records were taken. 
The hypodermic method consisted of injecting a suspension of the 
organism into the base of the shoot of the young plant with a hypodermic 
syringe. Three trials were made with 10, 5, and 10 plants inoculated in the 
first, second, and third trials, respectively. After inoculation, the plants 
were placed in the moist chamber for 72 hours, then removed. Records 
were taken on these plants after five days. The data for both methods of 
inoculation are presented in Table 2. 
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From these data it was apparent that there was no consistency in the 
number of plants infected by the spray method in the wounded or un-
wounded trials and, although there was greater certainty of infection 
when the leaves were wounded and sprayed, low percentages of oats and 
wheat were infected with all strains of the pathogen. None of the stra~s 
infected the unwounded oats and a very low percentage of the other hosts 
was infected. In comparison with either spray trial, infection was more 
severe on all hosts with all strains inoculated hypodermically. The lesions 
were more numerous and long streaks developed on the plants hypoder-
mically inoculated. Apparently, the hypodermic method furnishes a more 
favorable environment for the development of the pathogen in the host 
tissues. 
Another striking difference between the two methods of inoculation 
was the incubation period. If the pathogen entered the hosts through 
wounds the period from inception to manifestation of the. water-soaking 
was 2-4 days, while with unwounded plants there was no manifestation for 
15 days. However, it has been demonstrated in later experiments that if 
the plants were placed in the moist chamber for 24 hours prior to spraying 
and the leaves were then rubbed between moistened fingers, manifestations 
of the disease occurred in three days. Possibly the short interval between 
inoculation and the expression of symptoms in the hypodermic needle 
method was due to the heavy dosage of bacteria in the tissues. During 
inoculation with the hypodermic syringe it was evident that the bacteria 
were forced into the intercellular spaces sometimes as far as 1 cm. from 
the needle wound. 
HOST SPECIALIZATION OF Two STRAINS 
OF Xanthomonas franslucens 
When the yellow bacterium was first isolated from Bromus inermis 
in 1941 its leaf symptoms were observed to be remarkably similar to 
Xanthomonas streak of wheat. Because the leaf symptoms of the Xantho-
monas streak disease on brome grass and wheat resembled one another, 
a reisolate from wheat of Hagborg's Xanthomonas translucens f. sp. 
cerealis was compared with the yellow bacterium from brome grass as 
to their host specialization. 
Five species of Bromus and seven strains of Bromus inermis, and 
barley, oats, rye, and wheat were inoculated.1 All of the inoculations were 
made by the hypodermic needle method. In this experiment and in the 
ensuing experiment the criterion of infection was the development of 
water-soaked, translucent, elongated areas away from the needle punc-
ture. Mere water-soaking around the needle wound or small yellowish 
flecks which did not become enlarged were not interpreted as infection, 
although bacteria could be isolated from these areas. Only those plants 
1 Acknowledgement is made to Mr. Heath of the United States Department of 
Agriculture Soil Conservation Service for furnishing the seed of five Bromus spp. and 
seven strains of Bromus inermis, and to Dr. H. C. Murphy for supplying the seed of 
the barley, oats, rye, and wheat. 
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TABLE 3 
COMPARATIVE PATHOGENICITY OF THE BROME AND WHEAT STRAINS OF Xanthomonas translucens 
Hosts 
A vena saliva 
" var. Clinton" ...... . .... . 
"var. Erban" .. .. . 
"var. MariOn" . . .. . . .. . . . . 
"var. Boone" . .. . ... . . .. . . 
"var. Tama" ... . ........ . 
c. I. 4327 ..... . . .. . . 
c. I. 4301 . . . ... . 
Bromus carinatus .. . . . . . . .. . . . 
Bromus catharticus . ... . . . ... . . 
Bromus erectus . . . ........ . . . . 
Bromus inermis 
strain 950 .... .. . . ... . ... . 
strain 951 . .......... . ... . 
strain 954 .. . . .. ... .. .. .. . 
strain Ml 2626- 41 ... . . . . . 
strain Ml 4110 .. .. ..... . 
strain M2- 10203- 42 .. .... . 
strain M4- 19051 .... . . . .. . 
Bromus marginatus . . ...... . .. . 
So~!f hum vulgare . ,, 
var. Orange cane . . . . . . . 
"var. Sorgo" . . .. ..... .. . . 
Hordeum vulgare 
" var. Wisconsin 38" . . .... . 
"var. Velvet" ....... . . ... . 
"var. Arivat" . .. . . . 
"var. Peatland" . . . . . . . . . . . 
Phleum pratense . . . ......... . . 
Secale cereale . .. .... .. : ..... . . 
Triticum aestivum 
" var. Thatcher" . . .. . . . 
"var. Thatcher X Ceres" .. 
Brome Strain 
Diseased 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Wheat Strain 
Diseased 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
in which the bacteria showed the development of definite symptoms were 
called hosts. Records of the number of diseased plants were made after 
seven days. The results of the first comparison are compiled ~n Table 3. 
From these data it was apparent that there were some differences as 
well as similarities between the two strains. Both strains, for example, 
were pathogenic on barley, rye, wheat, C.I. 4301 oats, Marion oats, and 
B. catharticus Vahl., while neither strain attacked sorghum, Boone oats, 
or Tama oats. These results might indicate that both strains were the same 
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organism. However, the brome strain was pathogenic on seven strains of 
B. inermis Leyss., B. carinatus Hook. and Arn., B. erectus Huds., Clinton 
oats, and C.I. 4327 oats, while the wheat strain was not pathogenic on these 
plants. These data seemed to indicate that the two strains were distinct. 
CROSS INOCULATIONS ON TWENTY-FOUR HOSTS WITH SIX ISOLATES OF 
Xanthomonas translucens FROM BROME GRASS 
In order to define the pathogenic capabilities of the bacterium from 
brome grass, six isolates were studied comparatively on twenty-four hosts 
induding barley, Bromus spp., rye, oat varieties, and wheat. The hypo-
dermic method was used for inoculating the seedlings and the young 
shoots of the grasses. The data in Table 4 indicated that in general the 
isolates were very similar, although some differences in virulence of the 
pathogen and in the resistance of the host were noted. For example, Arivat 
barley was much more susceptible than Wisconsin 38 to all six isolates. 
Most of the Bromus spp. were heavily infected by all of the isolates. Some 
~pecies, however, were only mildly attacked. On the other hand, none of 
the isolates infected canary grass or foxtail. Certain oat varieties, how-
ever, such as Boone and Tama, were very resistant since only flecks 
occurred on the leaves. On C.I. 4327 isolates 4, 60, and 62 produced an 
abundance of water-soaked lesi9ns, whereas 84, 85, and 97 produced only 
a few lesions. Oat varieties Marion, Clinton, C.I. 4301, and Erban were 
moderately susceptible to all of the pathogens. Quackgrass and wheat 
were heavily infected by all isolates, but 60 and 84 caused distinctly fewer 
lesions on rye than 4, 62, 85, and 97. 
THE RESPONSE OF SIX HOSTS TO FOUR STRAINS OF Xanthomonas translucens 
INOCULATED BY THE SPRAY AND HYPODERMIC METHOD 
The reaction of four strains of Xanthornonas translucens was studied 
on seedlings of five cereals and brome grass grown in the greenhouse. In 
the first two spray trials a total of 70 plants of each host was inoculated 
while IQ plants were used in the one spray trial in which the leaves were 
wounded. In the three trials of the hypodermic method a total of 25 plants 
of each host was used. From Table 5 it is evident that the largest per-
centage of plants was infected by the hypodermic method. Only the wheat 
strain infected the unwounded Peatland barley. In the trial where the 
wounded leaves were sprayed and in the hypodermic trials all strains 
attacked Peatland barley. Only the brome and barley strains were patho-
genic on brome grass by all methods. None of the pathogi;ms attacked the 
unwounded leaves of Boone oats but the barley and rye strains attacked 
this host through wounds. Only the barley strain was pathogenic by the 
spray metho!1. Erban oats were attacked only when the barley or brome 
strain was sprayed on the wounded foliage. 
The pathogenic capabilities of the brome grass and barley strains were 
strikingly similar. They were the only strains attacking brome grass. The 
wheat and rye strains were similar in that they were more pathogenic on 
wheat than the barley and brome grass strains. It was clearly demon-
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TABLE 4 
COMPARATIVE PATHOGENICITY OF Six ISOLATES OF Xanthomonas translucens ON TEN PLANTS 
OF THE GRASS AND CEREAL HOSTS (10 PLANTS OF EACH INOCULATED ) 
Isolate 
Hosts No. 4 
Barley • 
Arivat ......... +++ 
Wisconsin 38 ... +++ 
Bromus bri<:.aif ormis. +++ 
B. inermis 
" var. 951" ... . . +++ 
"var. Fischer" . . +++ 
B . mollis . . ... . · .•.. 
· +++ 
B. popouii . . ....... +++ 
B. pumpellianus . ... +++ 
B. rigidus . .....•. . +++ 
B . sibiricus . ....... +++ 
B. tomentellus . ... . . +++ 
B. tectorum ........ +++ 
Canary grass . . . .. - . 
Foxtail. . ... .. ... . -
Oats 
Boone . . . . .... . -
Marion . . ...... +++ 
Tama ..... .... -
Clinton . . ... . .. +++ 
c. I. 4301. ... ~ . +++ 
Erban .. ..... . . +++ 
c. I. 4327 ... . . . +++ 
Quackgrass ....... +++ 
Rye . ............ +++ 
Wheat ... .. .. . . . . +++ 
* +++ severe infection. 
+ + moderate infection. 
+ slight infection. 
Severity of Infection 
Isolate Isolate Isolate 
No. 60 No. 62 No. 84 
+++ +++ ++ 
++ ++ ++ 
+++ +++ ++ 
+++ +++ +++ 
++ +++ ++ 
+++ ++ +++ 
++ + + 
++ +++ + 
+++ +++ +++ 
++ +++ +++ 
+++ +++ ++ 
+++ +++ +++ 
- - -
- - -
- - -
++ +++ + 
- - -
+++ +++ + 
+++ +++ + 
+++ +++ + 
++ +++ + 
+++ +++. +++ 
+ ++ + 
+++ +++ ++ 
- no infection or yellowish flecking. 
Isolate Isolate 
No. 85 No. 97 
+++ +++ 
+++ ++ 
+++ +++ 
+++ +++ 
++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
++ +++ 
+++ +++ 
+++ +++ 
+++ +++ 
- -
- -
- -
+++ +++ 
- -
+ +++ 
+++ +++ 
++ ++ 
+ + 
+++ +++ 
++ +++ 
+++ +++ 
strated that the ho.st range of each pathogen depended upon the method 
by which it was inoculated and that the hypodermic method had the 
advantage over the spray trials of greater certainty of infection. 
TABLE 5 
THE REsPONSE OF Sex HOSTS TO FOUR STRArNS OF Xanthomonas translucens INOCULATED BY THE SPRAY AND HYPODERMIC METHODS 
Brome Strain Wheat Strain Barley Strain Rye St~ain 
Per Cent Plants Infected Per Cent Plants Infected Per Cent Plants Infected Per Cent Plants Infected 
Wounded Wounded Wounded Wounded 
.and Hypo- and Hypo- and Hypo- and Hypo-
Host Sprayed Sprayed dermic Sprayed Sprayed dermic Sprayed Sprayed dermic Sprayed Sprayed dermic 
Barley 
" var. Velvet" ......... 28 100 100 54 100 100 6 100 100 50 100 100 
"var. Peatland" .. ... . . 0 60 100 3 40 100 0 40 100 0 30 100 
Brome Grass 
Strain 950 . . .. . ... . . . . 64 100 100 0 0 0 3 100 100 0 0 0 
Oats 
"var. Boone" . .. . . .... 0 0 0 0 0 0 0 50 60 0 0 8 
" var. Erban" ...... . .. 0 50 100 0 0 60 0 30 60 0 0 9 
Wheat 
Thatcher X Ceres . .... 4 30 100 54 100 100 1 20 25 35 100 96 
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THE RESPONSE OF THE GRASSES AND CEREALS TO FOUR STRAINS OF 
Xanthomonas translucens, X. translucens undulosa, AND 
X. translucens cerealis 
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Utilizing the hypodermic method the host response of the grasses and 
cereals to four strains of X. translucens, Hagborg's X. translucens undu-
losa, and X. translucens cerealis was determined. Ten plants of each of 
thirty hosts were inoculated including four varieties of barley, thirteen 
Bromus spp., canary grass, foxtail, seven varieties of oats, quackgrass, rye, 
and wheat. Trials were repeated on those hosts which were not infected. 
From the results given in Table 6 it is evident that none of the strains 
reacted alike on all of the hosts, although some hosts are common to all 
of the organisms. Arrivat, Wisconsin-38, Peatl;md, Velvet barley, B . arven-
sis L ., B. brizaeformis Fisch. and Mey., B . catharticus Vahl, B. japonicus 
Thumb., B. marginatus Nees., B. mollis L., B. rigidus Roth., B. sibiricus, 
Marion oats, Erban oats, quackgrass, rye, and wheat were common hosts 
to the six pathogens. Although each of the six pathogens h~d many com-
mon hosts there were some Bromus spp. and oat varieties which were not 
infected by one or several of the pathogens, thus the pathogens were dif-
ferentiated from each otlrer. The two strains whose pathogenic capabilities 
were most nearly alike were the barley and brome strains. It should be 
reported that the culture designated as Xanthomonas translucens undulosa 
used in this study was pathogenic on Marion and Erban oats. Since this 
variety of the bacterium has been described as not being pathogenic on 
oats, the strain used was presumably not a valid isolate of X. translucens 
unduLosa, but X. translucens cerealis which reportedly attacks oats. Still, 
the isolate was distinct from the wheat strain and X. translucens cerealis 
in its reaction on the Bromus spp. and oat varieties. 
VARIETIES AND RACES OF Xanthomonas translucens 
Five formae speciales of Xanthomonas translucens have been de-
scribed by Hagborg, but no races have been delineated. It is proposed to 
redescribe Hagborg's (8) Xanthomonas translucens f. sp. cerealis and 
delimit the six new races of the pathogen. 
Hagborg's description is based on isolates of Xanthomonas translucens 
£. sp. cerealis occurring naturally on Triticum spp. as follows: 
Xanthomonas translucens f. sp. cerealis f. sp. nov. Occurs nat-
urally on Triticum spp. Produces water-soaked infection follow-
ing wound inoculation at 25° to 30°C. in seedlings of Triticum spp., 
Hordeum spp., Avena spp., and of Secale cereale. 
The new varietal description is based on the discovery that isolates 
of Xayithomonas translucens from barley, rye, and brome grass as well as 
Triticum spp., have the same pathogenic capabilities as Hagborg's Xantho-, 
monas translucens cerealis. Therefore,, it seems justifiable to extend his 
description to include barley, brome grass, and rye as natural hosts. Also, 
the description must include a broader host range since the pathogen will 
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TABLE 6 
HosT RESPONSE TO Xanthomonas translucens undulosa, X. translucens cerealis, AND I SOLATES FROM 
BARLEY, BROME, RYE, AND WHEAT 
Reaction to Inoculation by 
Barley Brome Rye Wheat X. trans. X. trans. 
Host Strain Strain Strain Strain undulosa cereal is 
Barley 
Arivat .... . .... + + + + + + 
Wisconsin 38 .. . + + + + + + 
Peatland ... . ... + + + + + + 
Velvet ......... + + + + + + 
Bromus inermis 
"var. 951" . . . .. + + - ~ + + 
"var. Fischer" .. + + - - - + 
B. arvensis ........ + + + + + + 
B. brizaiformis . .... + + + + + + 
B. catharticus . ..... + + + + + + 
B. japonicus . . ..... + + + + + + 
B. marginatus .. .... + + + + + + 
B. mollis ....•.. ... + + + + + + 
B. popovii ... ...... + + - + - -
B. pumpellianus . ... + + + - - -
B. rigidus ..... . ... + + + + + + 
B. sibiricus . . ...... + + + + + + 
B. tomentellus . ..... + + + + - + 
B. tectorum . ... ... . + + + + - : + 
Canary grass .. . .. - - - - - -
Foxtail. . . .... . .. . - - - - - -
Oats 
Boone .. .. .... . + - + . - - -
Marion ....... . + + + + + + 
Tama ......... - - + - - -
Clinton ........ + + + - - -
c. I. 4301 ...... - + + + - -
Erban ......... + + + + + + 
c. I. 4327 ... ... - + + - - -
Quackgrass ....... + + + + + + 
R ye ............. + + .-f- + + + 
Wheat ........... + + + + + + 
XANTHOMONAS ON GRASSES AND CEREALS 189 
infect the grass hosts, Bromus inermis and Agropyron re;pens. The fol-
lowing new description and change of rank is proposed: 
Xanthomonas translucens var. cerealis (Hagborg) n. stat. Occurs 
naturally on Hordeum spp., Bromus spp.; Secale cereale, and 
Triticum spp. Produces water-soaked infection following wound 
·inoculation at 25° to 30°C. in shoots of Avena spp., Hordeum spp., 
Bromus spp., Agropyron spp., Secale cereale, and of Triticum spp. 
This definition of the variety is sufficiently broad to include all iso-
lates differing only slightly from the variety, irrespective of the host from 
which they may have been isolated. The natural host is not meant to imply 
the original host of a particular variety because there is no way of know-
ing the original hosts of the varieties and strains. Figure 12 illustrates the 
host ranges found by other investigators with their isolates from barley, 
rye, and wheat. It is clear that isolates from barley and rye have as broad 
a host range as isolates from wheat. 
Cross inoculation trials covering a wide host range including many 
barley varieties, Bromus spp., Agropyron repens, oat varieties, rye, and 
wheat revealed the existence of biologic raceS' of Xanthomonas translucens 
var. cerealis. The differences between these races are shown in Table 7. 
The hosts upon which the races have been distinguished are varieties of 
oats, Bromus spp., and varieties of Bromus inermis. Race 1 was an isolate 
formerly designated as Xanthomonas translucens cerealis by Hagborg . • 
This isolate became a race within the variety described above. This race 
was found to be distinct pathogenically from the five other races on the 
Bromus spp., and oat varieties. Race 2 was an isolate formerly designated 
as Xanthomonas translucens undulosa by Hagborg, but because of its 
pathogenicity on oats it becomes a race of X. translucens cerealis. How-
ever, race 2 was <\istinct from the other isolates in its reaction on the oat 
varieties and Bromus spp. Races 3, 4, 5, and 6 were isolates from wheat, 
barley, rye , and brome grass, respectively, which were distinguished from 
each other by their reaction to the differential hosts, including oat va-
rieties, Bromus spp. , and varieties of B. inermis. As Table 7 illustrates, 
these races comprise a group of pathogens all of which may parasitize 
the six genera cited under the varietal description. 
Differential host plants have already been shown to be of considerable 
value in studying variability among isolates in the rust fungi by Stakman 
and Levine (18), and Mains and Jackson (11). This type of host will 
become of increasing importance in Xanthomonas translucens since there 
has been a wider sampling of the species from hosts in several genera. 
The seven oat varieties shown above and the species of Bromus have 
proved useful as differentials of the races. They should continue to prove 
useful permitting further insight into the variability and characteristics 
of the species. That Xanthomonas translucens is a heterogeneous organ-
ism is well illustrated by the six races. 
As experimentation continues, it is conceivable that many more races 
will be discovered and as different isolates are tested on differential hosts 
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Strains 
from 
Barley 
Strains 
from 
Rye 
Strains 
from 
Triticum spp. 
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Isolated by Host range 
Jones, Johnson, and 
Reddy .. . . ..... .... 1 -------------=- Barley 
Brome ' 
Bamberg .......... 2 
Oats 
Hagborg ........... 3 
Quackgrass 
Rye 
Jones, Johnson and 
Reddy ............. 1 ..,...------------~ Barley 
Reddy, Godkin and Brome 
Johnson ..... ...... 2 
Oats 
Jones, Johnson and 
Reddy (spelt) ..... l c--------------=- Barley 
Smith, Jones and 
Reddy (wheat) .... 2 Brome 
Quackgrass 
Fig. 12. Host Range Established for Strains of Xanthomonas translucens. 
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TABLE 7 
A COMPARISON OF HosT RANGES OF Six RACES OF Xanthomonas translucens cerealis 
Race 1 Race 2 Race 3 
(from wheat) (from wheat) (from wheat) 
Barley Barley Barley 
* Bromus spp. * Bromus spp. * Bromus spp. 
except except except 
B. pumpellianus Bromus inermis Bromus inermis 
B . popovii "var. Fischer" "var. 951" 
Quackgrass B. popovii "var. Fischer" 
Oats B. pumpellianus B. pumpellianus 
Marion B . tomentellus Quackgrass 
Er ban B. tectorum Oats 
Rye Quackgrass Marion 
Wheat Oats c. I. 4301 
Marion Er ban 
Er ban Rye 
Rye Wheat 
Wheat 
' 
Race 4 Race 5 Race 6 
(from barley) (from rye) (from brome grass) 
Barley Barley Barley 
* Bromus spp. * Bromus spp. * Bromus spp. 
Quackgrass except Quackgrass 
Oats Bromus inermis Oats 
Boone "var. 951 Marion 
Marion "var. Fischer" Clinton 
Clinton B. popovii c. I. 4301 
Erb an Quackgrass Er ban 
Rye Oats c. I. 4327 
Wheat Boone Rye 
Marion Wheat 
Tama 
Clinton 
c. I. 4301 
Er ban 
C. I. 4327 
Rye 
Wheat . 
. 
* Bromus arvensis, B. brizaiformis, B. catharticus, B.japonicus, B. marginatus, B. mollis, B . rigidus, 
B. sibiricus, were common to all of the races. 
by a standardized method of inoculation they will probably fall into well 
defined groups or varieties. 
SUMMARY 
From 1941 to 1944, inclusive, Xanthomonas translucens was studied 
on grasses and cereals. The pathogen caused small, water-soaked, trans-
lucent areas which enlarged into yellowish, brownish, or blackish some-
what irregular streaks on the leaves, culms, and young seedlings. The 
most characteristic symptom on all the hosts was a brown or blackish 
streaking of the foliage. 
• 
• 
192 JACK R. WALLIN 
A new name, "Xanthomonas streak," is proposed for the diseases 
caused by X. translucens on all grasses and cereals, replacing the names 
"bacterial blight" on barley and rye, and "black chaff" on wheat. The 
causal agents from brome grass and timothy were established as a new 
variety and race of X. translucens, respectively. 
Morphologically, culturally, and biochemically the brome grass and 
timothy organisms proved to be like the barley, rye, and wheat strains of 
X. translucens. . 
The brome grass race and timothy variety were found to survive the 
winter on the foliage in the field and to infect the new leaves in the spring. 
In comparative inoculation trials infection was more consistent over a 
wider host range by the hypodermic method than by the spray method. 
The brome race was found by cross inoculation tests on barley, 
Bromus spp., rye, wheat, and oats to be distinct from Xanthomonas trans-
lucens var. cerealis. In extensive cross inoculation on the above hosts, six 
isolates from brome grass were alike in their reactions on the different 
hosts. 
Hagborg's X. translucens f. sp. cerealis has been redescribed on the 
basis of the reaction of the strains from barley, brome grass, rye, and 
wheat on six genera of host plants. 
Based on the results of cross inoculation trials, six pathogenic races 
of X. translucens cerealis have been separated on the oat varieties, va-
rieties of Bromus inermis, and Bromus spp. 
The races all parasitize barley, Bromus spp., Agropyron repens, oats, 
rye, and wheat, but they are separated in their reaction on seven oat 
varieties and thirteen Bromus spp. including two varieties of B. inermis 
as follows: Race 1 is pathogenic on Marion and Erban oats, does not infect 
B. popovii nor B. pumpellianus; race 2 infects Marion and Erban oats, but 
does not infect B. inermis "var. Fischer," B. popovii, B. pumpellianus, B. 
tomentellus, and B. tectorum; race 3 is pathogenic on Marion, C.I. 4301, 
and Erban oats, but not on Bromus inermis "var. Fischer" or "var. 951," 
or B. pumpellianus; race 4 is pathogenic on Boone, Marion, Clinton, and 
Erban oats and all Bromus spp.; race 5 is pathogenic on Boone, Marion, 
Tama, Clinton, C.I. 4301, Erban, and 4327, but does not infect B. inermis 
"var. 951" and "var. Fischer," nor B. popovii; race 6 is pathogenic on 
Marion, Clinton, C.I. 4301, Erban, and C.I. 4327 and all thirteen Bromus 
spp. 
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EFFECT OF PENNSYLVANIAN SEDIMENTS ON THE PROPERTIES 
OF A GRAY-BROWN PODZOLIC SOIL OF IOWA1 
J. B. PETERSON 
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Received July 15, 1945 
Because of the susceptibility to erosion of those soils of southeastern 
Iowa which have developed from outcrops of Pennsylvanian sediments or 
from shallow till overlying the sediments, a study was made of their 
topographical, geological, and morphological characteristics. The intent of 
this study was to secure basic information helpful in understanding the 
unusual erodibility of these soils and in classifying them. 
. HISTORICAL 
Soil classification in the United States has been sponsored almost 
entirely by public funds for the purpose of determining and mapping 
groups of similar soils which differ enough from other soils to warrant 
special attention. As a result, soils have not always been separated- in 
specific units of classification unless. the separation seemed justifiable on 
practical grounds even though marked differences existed. Because those 
soils which are influenced primarily by bedrock in Iowa are limited in 
extent and of low agricultural value, compared with the soils developed on 
deep loess and/ or till, they were usually grouped under one type in the 
early county soil surveys, even though the differences within the group 
were often extreme. As our knowledge of soils has increased and as people 
have learned to plan for the land on the basis of true physical resources, 
there has been a growing demand for more specific information which has 
called in turn for greater detail and refinement in classification of soils. As 
a result, it has been necessary from time to time to consider the separation 
of previously established units into several soil types in order to delineate 
characteristics, correct appraisal of which is essential to good land 
planning. 
An ·example of this trend is found in the history of the mapping of 
the Union soil series in Iowa. Originally used in Missouri to designate 
a. so-called residual soil developed on limestone of the Mississippian 
system, the name "Union" first appeared in Iowa in the soil survey of Lee 
County in 1914 (12) . At that time, soil scientists considered all indu-
rated rock on which soils had formed to be residual soil parent material 
and all unconsolidated rock to be transported, recognizing within this 
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latter group subdivisions based on latest mode of transportation. Since 
the underlying bedrock in Lee County is predominately composed of lime-
stones of the Mississippian system, the correlation of the Iowa soil with 
the Union of Missouri seems well-justified. Because of the roughness of 
the land, low agricultural value, and limited extent of these residual 
soils, they were placed under one type, the Union stony loam. This name 
was again used in 1915 in the soil survey of Clinton County (13) wqere the 
bedrock is limestone, but of the Silurian and Ordovician systems. 
The strike of the rock in eastern Iowa lies in a northwest-southeast 
PENNSYLVANIAN 
DES MOINES STAGE MISSISSIPPIAN ~ 
From Kay and Apfel 
FIG. 1. Areas where the Pleistocene is underlain with bedrock of the Pennsyl-
vanian and Mississippian systems. 
direction, the deposits becoming successively older with eastward pro-
gression (2) . Lying west of the Mississippian limestones and in. a wide 
belt on either side of the Des Moines River is the Des Moines series of 
the Pennsylvanian system (Fig. 1). The rock of this system is sufficiently 
exposed to influence soils appreciably in those counties along the Des 
Moines River south of the Mankato glacial lobe where stream dissection 
by the Des Moines and its tributaries has cut into the bedrock, and erosion 
has removed all or most of the Pleistocene overload from many steep hill-
sides. 
As other counties in this deeply dissected belt of the Des Moines 
geologic systems were mapped, residual soils were either thrown in with 
some predominating soil type usually found on loess or till or were 
classed under one of the types of the Union soil series (1). Since shale 
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and sand are predominant in the bedrock underlying these residual soils 
(Fig. 2) , they are naturally quite different from the residual soils de-
veloped on the limestones outcropping in northwest-southeast belts to 
the north and east of this area (5). 
When Marion County was mapped in the regular soil survey of Iowa 
in 1932, the belts of shallow soil on hillsides where the bedrock was 
exposed or only thinly covered were classified as a shallow phase of a 
loessial gray-brown-podzolic soil, the Clinton silt loam (10). Reasons 
for this correlation were discovery of the frequent occurrence of a loessial 
covering over the rock, realization that the term Union could not be 
From Melcher Quadrangle, Iowa Geological 
Survey 
Contour Map 
;-,._Union School 
Courtesy D. E. Perfect, Soil Conservation 
Service 
Soil, slope, and erosion map. 
Fic. 3. Examples of topographic relationships of Gosport soil T74N, R20W, S.W. 1/4 
Sec. 17 and fraction Sec. 18. (Areas of Gosport soil are crosshatched.) 
correctly used for soils developing on shales and sandstones rather than 
limestones, and the assumption that the soil was too limited in extent 
and of too little importance agriculturally to warrant separation as a 
new soil type. 
When a soil conservation demonstration watershed was established in 
the English Creek watershed of the southwestern part of the county in 
1935, a detailed soil conservation survey of the area was started. Soil 
conservation technicians soon became convinced that the residual soils of 
this area warranted special attention in soil conservation planning. Be-
cause of the peculiar morphological characteristics of the soils and their 
location just below the crest of long slopes (Fig. 3), they were found to 
be especially subject to erosion, particularly the erosion resulting from 
earth creep and flow (Figs. 4 and 5). In the course of the survey of this 
watershed it was decided that all soils of the area, formed on bedrock or 
in Pleistocene material so thin that the bedrock greatly influenced the 
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character of the soil profile, should be grouped under the series name of 
Gosport. Later, the residual soils in Marion County were divided into the 
Gosport and the Bauer, the Bauer being a darker soil (11) . It was assumed 
that the Gosport had developed under timber and the Bauer under grass. 
It is possible, however, that the darker color of the Bauer may be due to a 
darker-colored shale than that underlying the Gosport. The layers of shale 
in this region vary ir{ color from almost white to medium gray and dark 
gray. 
Courtesy Soi! Conservation Service 
FIG. 4. Slump scarps and terracettes resulting from earth flow in Gosport soil. 
In this study, all residual soils influenced by Pennsylvanian sedi-
ments will be considered 'under the series designation of Gosport. This is 
not intended as disapproval of further subdivision but is a stand taken 
purely for convenience, since the purpose of this paper is not the estab-
lishment and correlation of series designations but an analysis of the 
range in morphological and geological characteristics of the so-called 
residual soils of the area. Basic information secured in such an analysis 
is essential not only in the classification of these soils but also in the 
understanding of their peculiar erosional properties. · 
EXPERIMENTAL 
The range of major soii properties within the Gosport soil series was 
estimated by a reconnaissance survey of profiles exposed by smoothing 
surfaces of road cuts and by digging pits at 50 locations scattered over the 
counties of Marion, Warren, Mahaska, Monroe, and Wapello in areas where 
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Fie. 5. Stepped crescents caused by flow of porous glacial till over impervious 
shale and clay. 
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the topography indicated possible exposures of bedrock materials. Soil 
profiles at ten locations were sampled and two typical profiles, Pll and 
P13, were described in detail and samples were taken for laboratory analy-
sis. A detailed profile was run for one-half mile of road transecting a 
' valley on the slopes of which lay belts of Gosport silty clay loam. Eleva-
tions were determined with level and rod for the soil surface, the boun-
daries between soil horizons and the boundaries of all noticeably different 
parent materials to a depth of four feet. 
Samples from the two profiles described in detail, namely Pll and 
P13, were analyzed for base exchange capacity and per cent base satura-
tion by the ammonium acetate method and for pH with the glass electrode. 
RESULTS AND DISCUSSION 
Reconnaissance. As would be expected from the geology of the 
region (Figs. 1 and 2) a reconnaissance of the area verified the observa-
tion that the residual soils are derived principally from clays and shales 
interbedded with a smaller amount of sandstone and with very little 
limestone. These parent materials are often overlain by a shallow deposit 
of loess or till or mixtures of these materials. The line between the under-
lying Pennsylvanian sediments and the Pleistocene overload is usually 
quite sharp where the overload is more than two feet deep and less definite 
where the overload is shallower. 
When these residual soils were mapped as Gosport in the survey of the 
English Creek watershed by the Soil Conservation Service, they were 
found to cover 15.9 per cent of the watershed around the hills extending 
in a direction normal to the slope and usually lying just below the crest 
where erosion is noticeably severe (Fig. 3). Soils are especially subject to 
erosion where the Pennsylvanian materials lie near the surface (Figs. 4 
' and 5). Such forms of erosion as earth flow and slumping resulting in 
slump' ~carps, terracettes, and stepped crescents are common (9) . Where 
the hillsides are cultivated or overgrazed, erosion belts of compact, soapy, 
structureless clay and shale are found. Earth movement occurs along 
the cleavage plane between the friable, comparatively porous Pleistocene 
overload and the compact and slippery shale or clay beneath. Water perco-
lating through the porous overload accumulates above the shale because 
of its imperviousness and flows down hill through the porous overburden 
supersaturating and softening it. The soft overload, heavy with excess 
water, starts sliding and moving along the smooth and slippery point of 
contact on the surface of the shale. Similar types of erosion have been 
reported for the hilly sections of Pennsylvania, Ohio, and West Virginia 
where the bedrock is also slippery shale of the Pennsylvanian geologic 
system (9). . 
Cross-section Showing Parent Materials. Classification of these soils 
is complicated by the great variety of parent materials. Variability in 
depth and in composition of the Pleistocene deposits and in the nature of 
the outcropping layers of Pennsylvanian sediments results in great variety 
in soil characteristics. This variability is illustrated in Figure 6 in which 
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are shown the cross sections for a half-mile of terrain. Variability in parent 
material is shown in greater detail in Figure 7, where pits were dug 
every ten feet for a 150-foot cross section and elevations of the dif-
ferent parent materials were taken with level and rod. A striking feature 
of this section is the very uniform thickness and slope of the dense clay ' 
layer underlying the 'till. 
Figure 5 verifies the observation that the south-facing slopes . of 
many east-west valleys in southern Iowa are less steep than those on 
Shallow loess over till 
Fm. 6. Cross section of the valley of 
Long Branch Creek along the north-
south road which crosses the creek just 
north of Union School as shown in fig. 3. 
0 !> 
0 
5callil' ln 1 
the north-facing slopes (3) . Kay and Apfel (2) have suggested that the 
greater heat from the direct rays of the sun on the south-facing slopes 
causes alternate freezing and thawing in winter and greater daily changes 
in summer. As a result, more material is weathered and loosened, per-
mitting greater erosion. The deeper colluvial deposit at the foot of the 
south-facing slope is further proof of greater erosion on that slope. 
The influence of the sandstone layers in producing humps in the hillsides 
is apparent in the cross section. 
Detailed Descriptions of Typical Soil Profiles. Field observations of 
profiles of these residual soils further emphasized the variability resulting 
from differences in parent material. Most of the soils show the influence 
of podzolization as evidenced by a tendency for clay to accumulate in the 
B horizon (Fig. 8) and by the occurrence of a light colored layer with a 
tendency to platy structure. In places this light colored layer gives way 
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to a zone where only the surfaces of the aggregates are gray, seerriing to 
be coated with a gray crystalline "frost". Sometimes no gray layer is 
present and a profile resembling that of the prairie soil, Shelby silty clay 
loam, is found in the Pleistocene overlying the bedrock. In limited areas 
the soil is influenced by belts of outcropping sandstone. 
Detailed descriptions are given of Profile Pll representing a soil 
from · a zone transitiona1 between forest and prairie and developed on 
shallow loess and till over shales and clays, and of profile Pl3 repre-
0 
10 
n Feet 20 Sandstone 
yei low and red 
Carbonaceous shale 
senting a forest soil developed apparently on kaolinitic shales and clays 
little contaminated with Pleistocene materials except for a few inches of 
the surface. These soils are representative of many of the soils classed 
as Gosport where the forest has not been removed and erosion has not 
been excessive. 
In describing the profiles, the standards and nomenclature proposed 
for soil colors by Rice, et al (8) and the nomenclature proposed for soil 
structure by Nikiforoff (6) were used. 
PROFILE Pll 
Gosport silty clay: This soil is typical of loess and till over clay 
and shale. 
Natural vegetation: Probably transition between prairie and oak, 
hickory forest (now cleared and in pasture). 
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Topography: Steep hillside overlooking a small valley. 
Location: N. W. 1/4, N. W. 1/4 Sec. 20, T74N, R20W. One rod east 
or fence in field across from Union school. 
Detailed description: The surface soil, apparently the A 1 horizon, is 
light brownish gray with moderately developed granular aggregates (6) 
of 0.1 to 3.0 mm. in diameter. Tree and grass roots are plentiful. Quartz 
grains are uncoated and a few rounded ones of medium sand size are 
present. An abundance of shiny, uncoated, rounded fine quartz and of 
fine , clear, fragmentary quartz is visible under the microscope. 
At 6 inches a transition is apparent, the soil becoming pale brown 
and the structure becoming more like the blocky type instead of granular. 
Grass roots become less plentiful with depth and at 11 to 15 inches the 
color has faded to one intermediate between light brown and pale brown. 
0 10 
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FIG. 7. Detailed cross section of Gosport silty clay along the north-south road and 
just east of the Union School as shown in Fig. 3. 
From 15 to 26 inches lies a distinctly light-colored zone, possibly an 
A 2 horizon, which varies with thickness according to the depth of the 
loess and till pver the impervious clay beneath. It varies from a width 
of 3 or 4 inches where the clay layer is 2 to 3 feet deep to 10 to 12 inches 
where the clay layer is 4 to 5 feet deep. The light color is caused by a 
frost of light-gray crystalline material on the surface of aggregates result-
ing in an overall shade of very pale brown. Under the microscope the 
larger aggregates are seen to break into smaller ones along natural 
cleavage planes which are lined with a layer of shiny, brownish black 
material. On further crushing, the small aggregates break up into little 
aggregates which are either distinctly light gray or strong brown; uncoated 
quartz grains; and a fine , white, shiny, crystalline material, which has a 
soapy feel and can be scraped off the surface of the aggregates. 
At 26 inches the soil appears to be weathered predominately from a 
soapy or waxy clay parent material which, however, is so well disinte-
grated by soil profile development and/ or so well mixed with the over-
lying loess and till that there is no sharp line of demarcation between 
the two types of parent material. From this depth down to 32 inches, 
this layer is generally the same as that above except that roots and large 
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FIG. 8. Texture chart for profile P 13, Gosport silty clay loam. 
sand grains are disappearing with depth, and the structure is becoming 
more definitely a well-developed, blocky structure. 
From 32 to 36 inches definite mottling due to rusty colors begins to · 
appear. This is the only part of the profile resembling a B horizon. Sand 
grains are absent. The smooth, soapy feeling that was first noticeable at 
26 inches is quite marked at this depth. The mottled areas 'are light gray, 
dusky yellow, light brownish gray, weak reddish brown, pale brown, and 
black. Pale brown, weak reddish brown, and black predominate. 
At 40 inches the soil lies on a 10-inch layer of impervious, kaolinitic 
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clay (7) of geologic or1gm. From 36 to 40 inches rust-colored mate-
rials accumulate. The structure is inclined to massiveness and is only 
moderately developed since there are strong attractions between aggre-
gates as well as within aggregates. There are several flat cleavage planes, 
some of which lie parallel with the surface and some at an angle. Chunks 
of soil break out smoothly along these planes for areas of several square 
feet. The rust color is solid for 1 or 2 cm. above the cleavage planes and 
tongues out into the soil above. The lighter material which tongues down 
into the rusty layer is mottled yellowish gray and light yellowish brown. 
The rusty areas are distinctly mottled with weak reddish brown, moderate 
brown, weak brown, pale brown, and light yellowish brown. The propor-
tion of weak reddish brown and pale brown increases as the impervious 
clay is approached, the last inch or two being noticeably rusty colored. 
The surface of the horizontal cleavage planes and vertical cracks 
are cqated with a plastic, pale brown, ground mass, which is evidence of 
considerable movement of colloidal material. 
The greatest concentration of rusty material occurs at the sharp 
horizontal cleavage line at the surface of the geologic clay layer. There 
all downward movement has apparently stopped and great chunks of 
overlying soil can be lifted smoothly from the surface without crumbling. 
At 40 inches a light gray kaolinitic clay (7) is reached. It is mottled 
slightly with areas of yellowish gray and weak yellow. It is massive and 
free of grit, sand, concretions, and rings. It is uniformly 10 inches thick 
over a large area (samples were taken over a square acre) and it slopes 
to the southwest. 
PROFILE P13 
Gosport silty clay loam: This soil is unique in that it is a gray-brown 
podzolic soil developed in a prairie region apparently on almost pure 
kaolinitic clay (7) of the Pennsylvanian system. The soil profile probably 
was developed after the removal of Pleistocene deposits by erosion. 
Natural vegetation: Virgin oak and hickory forest. 
Topography: Point of a ridge running down into a small valley. 
Location: Near the center of Sec. 4, T74N, R20W, 100 yards south of 
Crow Creek and 1 rod east of the east road fence. 
Detailed description: The A 1 horizon is approximately 3 inches deep. 
It is pale brown with moderately developed granular structure. The 
aggregates are from 1 to 4 mm. in diameter. Small bulbs, roots, and woody 
stems are plentiful. There are a few small fragments of shale and a very 
few uncoated, fine sand grains. 
The A 2 horizon lying at 3 to 6 inches is much like the surface except 
for a lighter color and a weakly-developed platy structure. 
In the depth from 6 to 13 inches there seems to lie a transition zone 
where the structure becomes progressively more distinctly blocky instead 
of granular or platy and the color changes from a very pale brown at 6 
inches to a mozaic mottling of yellowish white, moderate orange, and 
light yellowish brown at 13 inches. There are many small worm holes, 
A GRAY-BROWN PODZOLIC SOIL OF IOWA 207 
an abundance of fungal mycelia, and a few roots (about 1 mm.) . On 
crushing the soil breaks down into small yellowish brown aggregates, a 
few dense aggregates of weak reddish brown and a few sand grains, some 
of which are coated and some clear. There are a few brownish gray 
croto.vinas. · 
The rather uniform pale brown gives way to a mozaic mottling at 13 
inches, a depth which appears to mark the top of the B horizon. From 
13 to 21 inches, small patches of light orange and pale brown with still 
smaller patches of pale reddish brown appear on a background of about 
equal areas of very pale brown and light gray. The overall effect is a 
very pale brown. The distinctness of the mottling increases with depth. 
There are many pin holes, usually lined with dark orange. The soapy 
feeling is quite noticeable. The soil crushes down into small, hard aggre-
gates, which are either entirely light gray or dark orange under the 
microscope. Few if any sand grains are found below 13 inches. The 
aggregates seemed to be composed of a den,se, waxy, groundmass, dusted 
on the surface with a clear, crystal-like powder. With increasing depth 
in this zone the aggregates become more strongly developed, tougher, more 
compact and more angular. 
The same properties are found at the depth of 21 to 27 inches except 
that the soil is even tougher and more compact and there are fewer cracks. 
The mozaic mottling has become more definite with small areas of light 
gray scattered among almost equal areas of pale reddish brown. Small 
patches of brilliant yellowish brown speckle both colors. The aggregates 
crush into small ones which are either entirely light gray or pale reddish 
brown and like those in the layer above are dense and waxy. 
From 27 to 29 inches the pale reddish brown areas are noticeably 
more numerous and larger. 
From 29 to 35 inches the c_oloring is much the same as in the layer 
above but the structure becomes less definite, changing to moderately 
developed as described by Nikiforoff (6) and small clusters of gypsum 
crystals begin to appear (Fig. 9) , .in. the cracks and cavities. This seems 
to be the B2 horizon. 
The transitional zone between the B and the C horizon lies between 
35 and 40 inches where the mottling gives way to a more uniform color, 
predominantly a light yellowish brown. 
Below 40 inches the soil is uniformly a light yellowish brown clay 
mottled with moderate yellowish brown where small fragments of siltstone 
are decomposing. Occasional fragments of siltstone or shale are encoun-
tered lying horizontally in the soil. There is an abundance of small gypsum 
crystals in almost every pore space. At 50 inches a lighter-colored layer 
of clay is reached. 
Laboratory Analyses. Special features of those soils which have 
weathered from shales and clay are their low pH and low exchange capa-
city (Table 1). In view of the fact that these shales and clays are asso-
ciated with layers of coal and lignicious clay which often contain pyrites, 
it is possible that the high acidity may result partially from oxidation of 
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the sulfides through exposure to air and water (15). The gypsum may 
represent the end product of a process which began with the accumulation 
of sulfur in the ancient peat bogs which gave rise to the coal. This may 
have been followed by the reduction of the sulfur and iron by micro-
organisms (16) under anaerobic conditions with the ultimate formation 
of pyrites, and the eventual oxidation of the pyrites to form sulfuric 
acid which reacted with calcium in the clay and shale to form the gypsum. 
It is possible that during wet seasons anaerobic conditions in the very tight 
FIG. 9. Microphotographs of gypsum crystals found in pore spaces of the C hori-
zon of a Gosport soil which was derived from Pennsylvanian shale. (25x) 
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clay and shale may favor the reduction of iron and gypsum permitting 
the formation of pyrites (16) . During the drier seasons the oxidation of 
the pyrites would release sulfuric acid. 
The low exchange capacity is characteristic of soils high in the kaolin-
itic type of clay. The degree of saturation is higher than might be expected 
in soils of such low pH and possibly reflect an error in determination due 
to the high content of gypsum. They may also reflect an error in pH due 
to larger salt content. It is noteworthy that the per cent base saturation 
increases markedly when .the layer containing gypsum crystals is first 
TABLE 1 
BASE EXCH ANGE AND pH DATA FOR G OSPORT SILTY CLAY LOAM * 
Base Exchange Base Saturation 
Profile D epth Capacity Per Cent pH 
p 11 3- 5 in. 25 . 6 57 . 1 5. 1 
15 in. 26 . 2 53 . 0 4 .8 
26 in. 12. 7 59.5 5 . 1 
p 13 1- 2 in. 14 . 1 50 . 2 4 .7 
12- 13 in. 18 . 1 35 . 0 3 . 4 
18 in. 15 .0 40 . 6 3 . 5 
30 in. 19 .7 56 . 5 3 . 5 
42-46 in . 17. 9 78 . 7 3 . 5 
* Analysis by J . R . Johnston, Soil Conservation Service. 
reached at about 30 inches depth. Likewise, the highest degree of base 
saturation occurs in the zone highest in gypsum. 
Analyses were made of the clay fraction of samples from profiles Pll 
and P13 and of samples from profiles of other soil types in southern Iowa. 
The results have been published separately (7). They reveal that the 
clay fractions of profile samples from location P13, where the soil appears 
to have developed from deposits of clay and shale of the Pennsylvanian 
sediments, are almost entirely kaolinite. 
Profile Pll, on the other hand, appears to have developed from loess 
and till over a dense layer of Pennsylvanian clay. The surface of this 
soil, like that of many Iowa soil profiles, is high in montmorillonite and 
low in kaolinite. The amount of kaolinite increases with increase in depth 
of profile, especially in the zone where the soil has a distinctly soapy feel 
and where Pleistocene materials and clays of the Pennsylvanian system 
appear to be mixed. The underlying layer of unweathered clay was found 
to be practically pure kaolinite (7). The outstanding characteristics of 
the layer are its compactness and soapy feel. 
Other Iowa soils including some which are found in association with 
the Gosport as well as some found in other sections of the state, are gen-
erally high in montmorillonite and low in kaolinite (7). Evidently it is the 
kaolinite in the Gosport which gives that soil its soapy feel and it is the 
layers of tough, impervious kaolinitic clay and shale which deflect the 
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percolating waters and cause the earth creeps and flows with their result-
ant slumps and terracettes, so characteristic of Gosport soils. · 
In view of the opinion that kaolinite may be formed by the action of 
sulfuric acid derived from pyrites and acting on aluminous materials (4), 
the presence of gypsum crystals in the kaolinitic clays of this region sug-
gests that the kaolinite of these clays may be the product of a similar 
process. 
SUMMARY 
1. The Gosport soil series is a soil of variable parent material occur-
ring on steep slopes overlooking the Des Moines River and its tributaries 
in southeastern Iowa. It occurs in belts around the hills where sediments 
of the Des Moines series of the Pennsylvanian system are completely ex-
posed or only partially coverea by mixtures of Pleistocene till and loess 
or mixed erosional debris. It lies in an area tlfat before settlement by man 
was in natural hard-wood forest or in a transitional zone between forest 
and prairie. 
2. The general profile characteristics are similar to those of the 
gray-brown podzolic soils of southeastern Iowa or of soils of that ar'ea 
which are transitional between forest and prairie. 
3. The characteristics of this soil are greatly influenced by the 
Pennsylvanian rock which is predominantly clay and shale with some 
small stratae of carbonaceous material, sandstone and limestone. Where 
the soil is weathered from shale or clay, it possesses a characteristic talc-
like smoothness, is very slippery and plastic when wet, and is relatively 
impervious to percolating water. Samples of this clay were found to be 
almost pure kaolinite. Small areas overlying shallow sandstones are sandy. 
The shale- or clay-derived soils are very acid, have low exchange capa-
cities and often contain masses of small gypsum crystals as linings of 
pockets and fissures in the soil. 
4. Where underlain by shale or clay deposits, the Gosport is subject 
to extreme erosion characterized by earth flow, slumps, terracettes, and 
stepped crescents. Complete denudation down to the shales and clays 
results from failure to correct improper land use and to apply remedial 
measures. 
5. The high content of kaolinite in these Pennsylvanian shales and 
clays, which frequently underly the Gosport soils, is believed to be the 
cause of the characteristic smoothness, compactness, and imperviousness 
of these deposits. This imperviousness results in the deflection of the soil 
water causing it to move through the overlying Pleistocene materials re-
sulting in earth flows and related forms of erosion. 
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FLORA OF ALASKA AND ADJACENT PARTS OF CANADA1 
An Illustrated and Descriptive Text of All Vascular Plants Known to 
Occur Within the Region Covered 
PART IV. DICOTYLEDONEAE: SALICACEAE (EXCEPT SALIX) 
TO CARYOPHYLLACEAE 
J. P. ANDERSON 
From the Department of Botany, Iowa State College 
Received October 2, 1944 
Subclass 2. Dicotyledoneae 
lA. Woody plants; trees, shrubs or subshrubs. 
lB. Flowers without petals. 
lC. Flowers in aments. 
lD. Fruit a capsule, seed with a coma ... .... . .. . .......... 1. Salicaceae 
2D. Fruit a nutlet or drupaceous. 
lE. Staminate aments erect or ascending ........ . . . . . .. . 2. Myricaceae 
2E. Staminate amen ts drooping. . . . . . . . . . . . . . . . . . . . . . . . . 3. Betulaceae 
2C. Flowers not in catkins. 
lD. Trailing shrub with small heather-like leaves .... . .. .. 27. Empetraceae 
2D. Upright shrubs with scaly leaves . . .. . ...... . . . . .... . . 30. Elaeagnaceae 
2B. Flowers with petals. 
lC. Petals separate. 
lD. Ovary superior (see also Ledum in 38. Ericaceae). 
lE. Carpels usually 5 or more, sometimes enclosed in a 
fleshy receptacle .......... . .. ..... ..... . ... . .... ... 21. Rosaceae 
2E. Carpels 2, fruit winged ... .... . .. .... ....... .... .... 28. Aceraceae 
2D. Ovary inferior. 
lE. Fruit of papery or stony carpels enclosed in a 
fleshy pome. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21. Rosaceae 
2E. Fruit a small-seeded berry. 
lF. Leaves palmately veined, carpels 2 .. .............. 20. Grossulariaceae 
2F. Leaves very small, carpels 4 Oxycoccus in ...... . 39. Vacciniaceae 
3E. Fruit a drupe. 
lF. Petals 5, styles 2 .. ..... . . ................ . .. ..... . 33. Araliaceae 
2F. Petals 4, styles 1.. .. ...... .... .. . ..... . . ... . .... . 35. Cornaceae 
2C. Petals united. 
lD. Ovary superior. 
lE. Stamens inserted at the sinuses of the corolla ........ 40. Diapensiaceae 
2E. Stamens inserted at the base of the corolla ...... .. .. 38. Ericaceae 
2D. Ovary inferior. 
lE. Flowers in small dense heads. Artemisia in .... .... . 59. Carduaceae 
2E. Flowers not in heads. 
lF. Stamens 5 (or 4) ......... . . ....... . . . . ... ........ 54. Caprifoliaceae 
2F. Stamens 10 ........... ... . . .... ....... . ......... . 39. Vacciniaceae 
'Preceding parts of this paper were published in this Journal as follows: Part 1, 
Vol. XVIII, pp. 137- 175, 1943; Part 2, Vol. XVIII, pp. 381-446, 1944; Part 3, Vol. XIX, 
pp. 133- 205, 1945. 
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2A. Herbaceous plants. 
lB. Flowers without petals. 
lC. Ovary superior. 
lD. Pistil of 1 or several and distinct carpels, each with 
solitary style and stigma. 
lE. Carpels solitary, flowers clustered ............ . . . .... 4. Urticaceae 
2E. Carpels several or numerous .. .. .. ..... . ......... . . 12. Ranunculaceae 
2D. Pistil of 2 or more united carpels, stigmas or styles 
2 or more, ovary 1-celled, 1-ovuled. 
See also Sanguisorba in ....... . .............. . ... . . . 21. Rosaceae 
lE. Leaves with sheathing stipules ......... ...... . ..... 7. Polygonaceae 
2E. Leaves without sheathing stipules.. . . . . . . . . . . . . . . . . . 8. Chenopodiaceae 
3D. Carpels 2 or more, ovary 1-several-celled, several-
many-seeded. 
lE. Aquatic plants, styles 2 ............................ 26. Callitrichaceae 
2E. Plants not aquatic. 
lF. Carpels 2, stamens 2, 4 or 6. Lepidium in ........ . 16. Brassicaceae 
2F. Carpels 5, fleshy seashore plant. Glaux in .... ... .41. Primulaceae 
2C. Ovary inferior. 
lD. Parasitic on trees, without green leaves.. . . . . . . . . . . . . . 5. Loranthaceae 
2D. Not parasitic, green leaves present. 
lE. Aquatic, or growing in wet places ................... 32. Haloragida_ceae 
2E. Not aquatic. 
lF. Fruit a berry ... . .... .... ................. . . ...... 6. Santalaceae 
2F. Fruit a capsule, low, small-leaved plants. 
Chrysosplenium in ... .. ..... ... . . . ... ........ I9. Saxifragaceae 
2B. Petals present. 
IC. Petals distinct. 
ID. Carpels solitary or several and distinct or united 
only at the base. 
IE. Stamens inserted on main axis of flower. 
IF. Leaves peltate with glutinous covering. . ......... Il. Cabombaceae 
2F. Leaves not glutinous ............... . ..... . ....... I2. Ranunculaceae 
2E. Stamens inserted on an hypogynous disc. 
IF. Corolla irregular (bilateral) ............... : ... .. . 22. Fabaceae 
2F. Corolla regular (radial). 
IG. Stamens more than 10 . . . ... . ................. 2I. Rosaceae 
2G. Stamens 4-10. 
IH. Pistils usually of 2 carpels . ..... ........ . .... . I9. Saxifragaceae 
2H. Pistils of 4 or 5 carpels .... ... ..... "". .......... 18. Crassulaceae 
2D. Carpels 2 or more and united. 
IE. Ovary superior. 
IF. Stamens numerous. 
IG. Calyx deciduous ............................... I4. Papaveraceae 
2G. Calyx persistent ................. . ............. I3. Nymphaeaceae 
2F. Stamens not more than twice the number of petals. 
IG. Sepals 2. 
IH. Corolla regular .. .. ... . . . . . ..... . . . . . ... .. . .. 9. Portulaceae 
2H. Corolla irregular ... .. .. .... . .... .. ... . . . . . .. . 15. Fumariaceae 
2G. Sepals 4 or 5. 
IH. Sepals and petals 4, stamens 6 . .... ....... .... I6. Brassicaceae 
2H. Stamens of same number or twice as many as sepals and petals. 
II. Ovary I-celled. 
IJ. Ovary I-ovuled ... ............... . . . ... . .42. Plumbaginaceae 
2J. Ovules more than I. 
lK. Placentae basal or central. ............. 10. Caryophyllaceae 
2K. Placentae parietal. 
lL. Staminodia present. Parnassia in . . . .. 19. Saxifragaceae 
2L. Staminodia absent. 
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lM. Stigmas 2-cleft, insectivorous plants 
with glandular-hispid leaves . .. . ... 17. Droseraceae 
2M. Stigmas entire, corolla irregular .... 29. Violaceae 
21. Ovary several-celled. 
lJ. Stamens with wholly or partly united filaments. 
lK. Styles united around a central column, 
separating at maturity ... .... . . .... . 23. Geraniaceae 
2K. Filaments united at the base, each sinus 
with a staminodium . ... .. . . . . . . . ... 24. Linaceae 
2J. Stamens with distinct filaments. 
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lK. Anthers united, flowers irregular . . . . . , .. 25. Balsaminaceae 
2K. Anthers distinct, flowers regular. 
lL. Saprophytes without green leaves . ... 37. Monotropaceae 
2L. Plants with green leaves and · 
rootstocks ...... . .... . . .... . .. ... . 36. Pyrolaceae 
2E. Ovary inferior. 
lF. Styles distinct. 
lG. Aquatic plants . . . ... . ... ... . . .... . . .. ...... .... 32. Haloragidaceae 
2G. Not aquatic but often growing in wet places. 
lH. ·Fruit a berry-like drupe . ... . . . . . .. .. . . . .... . 35. Cornaceae 
2H. Fruit dry, of 2 separating carpels .... ......... 34. Ammiaceae 
2F. Styles united . . . .. .... .... . .. . . ..... . . ..... . . .. .. 31. Onagraceae 
2C. Petals more or less united. 
lD. Ovary superior. 
lE. Stamens free from the corolla. 
lF. Carpel 1, corolla irregular . .. .. . . . .. . ...... . ... ... 22. F'lbaceae 
2F. Carpels 2 or more, united. 
lG. Filaments united .. . . .. . . .... . . . . ...... . .. . . . ... 15. Fumariaceae 
2G. Filaments separate. 
lH. Saprophytes without green leaves ... .. .. . .. . . 37. Monotropaceae 
2H. Plants with green leaves, petals united 
. only at the base . . . .. . .. . . . . . .. .. .. . . . . .. . 36. Pyrolaceae 
2E. Stamens adnate to the corolla. 
lF. Stamens opposite the lobes of the corolla .... . ..... 41. Primulaceae 
2F. Stamens as many as the lobes of the corolla and 
alternate with them or fewer. 
lG. Corolla scarious . . . .. . . .. .... . ... . . . .. . . ...... . 52. Plantaginaceae 
2G. Corolla not scarious. 
lH. Carpels distinct except sometimes at the 
apex. . . . ... . . .. . . . . . . . . ..... . . . .... . ... . .44. Apocynaceae 
2H. Carpels united. 
lI. Ovary 1-celled with parietal placentae .. . . . .43. Gentianaceae 
21. Ovary 2-4-celled or falsely 4-celled by 
• 
intrusion of placentae. 
lK. Carpels 3. . . . ..... . . .. . . . . ... .. . ... .. . .45. Polemoniaceae 
2K. Carpels 2. 
lL. Fruit of 1-4 nutlets, ovary usually 
4-lobed . .. .. .. .... . . . .......... .. 47. Boraginaceae 
2L. Fruit capsular. 
lM. Corolla regular .. .......... . .. . . ... 46. Hydrophyllaceae 
2M. Corolla irregular . . .. . . . ... . ... ... .49. Scrophulariaceae 
2J. Stamens 4 and didymous or 2 or 1. 
lK. Carpels ripening into 2 or 4 nutlets . . .. .48. Menthaceae 
2K. Carpels ripening into a capsule. 
lL. Placentae of ovary parietal, root 
parasites without chlorophyll .. . .. . 51. Orobanchaceae 
2L. Placentae of ovary axile . 
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lM. Ovary usually 2-celled, land plants .49. Scrophulariaceae 
2M. Ovary usually 1-celled, bog plants .. 50. Lentibulariaceae 
2D. Ovary inferior. 
lE. Stamens with filaments free from the corolla .... . . . . . 57. Campanulaceae 
2E. Stamens adnate to the corolla. 
lF. Ovary with 2 or more fertile cavities and 2-many ovules. 
lG. Stamens as many as the corolla lobes ........... 53. Rubiaceae 
2G. Stamens twice as many as the corolla lobes . . ... . 55. Adoxaceae 
2F. Ovary with 1 fertile cavity, calyx often modified. 
lG. Flowers not in heads. 
lH. Stamens 1-3 ................. . .. .... . .. . .. ... 56. Valerianaceae 
2H. Stamens 4 or 5 ... . ... . .. .. ...... . ... ........ . 54. Caprifoliaceae 
2G. Flowers in involucrate heads. 
lH. Corollas all ligulate (strap-shaped). . . 58. Cichoraceae 
2H. Corollas tubular, only the ray-flowers with 
strap-shaped corollas ...... . ............. 59. Carduaceae 
1. SALICACEAE (Willow Family) 
Dioecious trees and shrubs; leaves simple, alternate, stipitate; flowers 
in aments with solitary flowers in the axis of scale-like bracts; aments 
expanding before or with the leaves, the staminate ones often pendulous; 
stamens I-many; pistils of 2-4 carpels, un.ited to form a I-celled ovary 
with 2-4 parietal placentae; fruit an ovoid, oblong or conic, 2-4-valved 
capsule with numerous minute seeds provided with a dense coma of white 
silky hairs. 
Bractlets incised, stamens many . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. Popu lus 
Bractlets entire or denticulate, stamens few .................. 2. SaLix 
1. POPULUS (Tourn.) L. 
Trees with soft wood; buds scaly and resinous; twigs terete or angled; 
leaves usually petioled, those on young, vigorous sprouts larger and more 
pointed than those on mature branches; both kinds of flowers in drooping 
aments; flowers from a cup-shaped disc subtended by a fringed bract; 
stamens 4-60, ovary sessile; stigmas 2-4; capsules 2-4-valved; coma long 
and copious. (The ancient Latin name.) 
lA. Leaf-blades on mature branches usually less than 5 cm. 
long. . .... ...... . ..... .. ... ................... .... . . 1. P. tremuloides 
2A. Leaf-blades on mature branches usually more than 5 cm. long. 
lB. Pistils bicarpellary .. . .. ... . .. ...... .. .... .. . . . ... . .... 2. P. tacamahacca 
2B. Pistils tricarpellary ............... . .. . .. . : . ........... 3. P. tricocarpa 
1. P. tremuLoides Michx. American Aspen. Quaking Aspen. 
A slender tree with light green or whitish bark; leaves glabrous with 
ciliolate margins when young, crenate-serrate with small incurved teeth, 
short-acuminate at apex, rounded to subcordate at the base, 25-50 mm. 
long and nearly as wide; petioles slender; fruiting aments up to I dm. 
long; capsule conical, narrow, warty. Often found in dense, almost pure 
stands, especially after forest fires. 
Most 0£ Alaska-the Atlantic-northern Mexico in the mountains. 
Fig. 359. 
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2. P. tacamahacca Mill. Balsam Poplar 
P. balsamifera auct. not L. 
Medium to large tree; bark of the branches light brown or gray; 
leaves ovate to ovate-lanceolate, shining above, pale beneath, acute or 
acuminate at the apex,"cuneate or rounded at the base, crenulate, 6-10 cm. 
long or up to 20 cm. on young sprouts; fruiting aments 5-12 cm. long; 
capsule 2-valved, short-pedicelled. Rarely hybridizes with P. tremuloides. 
Reports of P. candicans from Alaska are based on forms of this species 
with wide leaves and light-colored bark. 
Mostly in the interior in our area, Bering Sea-Labr.-N. Y.-Wyo.-
Ore. Fig. 360. 
3. P. tricocarpa Torr. & Gray. Black Cottonwood 
Our largest deciduous tree; branches pubescent; leaves broadly ovate 
to ovate-lanceolate, finely crenate-serrate, acute or acuminate at apex, 
cordate to rounded at the base, 6-12 cm. long, pale beneath; aments 5-12 
cm. long, or in fruit up to 20 cm. long; capsules 3-valv'ed. 
Lowlands of the Pacific coast in our area, Alaska-Ida.-Calif. Fig. 
361. 
2. SALIX (Tourn.) L . 
The text for the genus Salix, the willows, was to have been prepared 
by Dr. Carleton R. Ball, who is recognized as the leading authority on 
American willows. Up to the time of handing in the manuscript for this 
part of the Flora of Alaska and adjacent parts of Canada his treatment 
of the genus had not been received. It is hoped that it can be published 
later as a supplement. 
2. MYRICACEAE L. (Baybeny Family) 
Monoecious or dioecious shrubs . or trees; leaves alternate, simple, 
usually coriaceous; flowers without perianth, borne in the axils of the 
bracts in erect or ascending aments; ovary 1-celled with a straight ovule 
and subtended by 2-8 bractlets; fruit a small oblong drupe or nut, its 
exocarp often waxy. 
MYRICA L. 
Our species is a deciduous shrub 5-15 dm. tall; leaves resinous-dotted; 
staminate aments oblong or cylindric, expanding with or before the 
leaves; stamens 4-8, with short filaments; pistillate aments ovoid or sub-
globose; ovary subtended by 2-4 bractlets; fruit resinous. (Ancient name 
of the Tamarisk.) 
M. gale L. Sweet Gale. 
Leaves oblanceolate, obtuse and toothed at the apex, cuneate at the 
subsessile base, more or less puberulent beneath, 2-6 mm. long, 5-20 mm. 
broad; aments in fruit 6-10 mm. long, about 4 mm. thick; nutlets waxy-
coated, of about same length as the 2 persistent bractlets which clasp it 
on each side and are adnate to the base. The form in eastern Asia and 
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western America has leaves widest near th,e apex and under surface of 
the leaves more tomentose than the European form and if considered as 
distinct is var. tomentosa C.DC. 
This species is circumboreal. Fig. 362. 
3. BETULACEAE (Birch Family) 
Monoecious trees and shrubs; leaves alternate, petioled, simple; flow-
ers in aments, the staminate drooping; staminate flowers 1-3 in the axil 
of each bract, the calyx often wanting; stamens 2-10; pistillate flowers 
in ours without perianth, the 2 or 3 pistils at the base of each bract; fruit 
in ours a 1-celled, 1-seeded, usually winged nutlet. 
Bracts of the fruiting amen ts thin, deciduous with the nutlet: . . 1. Betula 
Bracts of fruiting aments woody, persistent . . . . ....... . ... . .. . 2. Alnus 
1. BETULA (Tourn.) L. 
Shrubs and trees with aromatic bark and scaly buds; leaves dentate 
or serrate; staminate flowers usually 3 in the axils of the bracts with a 
4-toothed perianth; stamens divided, each fork bearing an anther-sac; 
pistillate bracts 3-lobed; fruit a compressed nutlet winged on both sides. 
The different species seem to hybridize freely and a large proportion of 
the birches in our re~ion are probably hybrids. (The Latin name.) 
lA. Low, spreading shrubs with rounded leaf-tips. 
lB. Leaves cuneate at the base, longer than wide . .. .. . 1. B. glandulosa 
2B. Leaves truncate or cordate at the base, often wider than 
long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. B. nana exilis 
2A. Trees, leaf-tips acute. 
lB. Leaves ovate, double serrate. . . . . . . . . . . . . . . . . . . . . . 3. B. papyrifera. occidentalis 
2B. Leaves with truncate or cuneate base. 
lC. Leaves with prolonged apex. . . . . . . . . . . . . . . . . . . . 5. B. resinifera 
2C. Leaves without prolonged apex. . . . . . . . . . . . . . . . . 4. B. kenaica 
1. B. glandulosa Michx. Glandular Scrub Birch 
A shrub 5-15 dm. tall; twigs densely glandular and covered with a 
thin waxy layer; leaves 1-2 cm. long, longer than broad, the base tooth-
less and cuneate, the apex rounded and crenate-dentate; petioles pubes-
cent; fruiting ainents 8-16 mm. long, 4-5 mm. thick, usually erect; bracts 
with a resiniferous hump on back, the central lobe not much longer than' 
the divergent lateral ones; nutlet with very narrow wings. 
Interior Alaska-Labr.-southern Greenl.-Maine-Colo.-Calif. Fig. 
363. 
2. B. nana L. ssp. exilis (Sukatch.) Hult. Dwarf Alpine Birch 
B . glandulosa var. sibirica auct. 
Resembles B . glandulosa but somewhat more dwarf; twigs less resin-
iferous and more pubescent; leaves reniform or orbicular, often broader 
than long; bracts of the fruiting aments· without resiniferous hump on 
back; wings of the nutlets narrow but broader than in B. glandulosa. 
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The species is circumpolar, the ssp. nearly throughout Alaska, eastern 
Asia-Greenl. Fig. 364. 
3. B. papyrifera Marsh. ssp. occidentalis (Hook.) Hult. 
Western Paper Birch 
A tree with white or brown exfoliating bark; young twigs pubescent 
and glandular, becoming smooth and orange-brown; leaves ovate, acute 
or acuminate; subcordate or subcuneate at the base, doubly serrate; 
petioles pubescent or puberulent; fruiting aments 25-40 mm. long, about 
1 cm. thick; bracts with a long, narrow median lobe; wings wider than 
the nutlets. 
Southeastern Alaska-northwestern Mont.-Wash., the typical form 
east of the Rocky Mts.-Newf.-Penn. Fig. 365. 
4. B. kenaica W . H. Evans. Kenai Birch 
B. papyrifera var. kenaica (Evans) A. Henry. 
A small- to medium-sized tree; bark exfoliating, grayish-white to dark 
brown; leaves ovate, acute to acuminate, broadly cuneate or rounded at 
the base, sharply and often doubly serrate, glandular-dotted beneath, 
usually more or less hairy on the upper surface; lobes of the bracts 
rounded, nearly equal in length; wings abm,1t as wide as the nutlets. 
Central Alaska-Bering Sea-Alaska Penin. Fig. 366. 
5. B. resinifera Britt. Alaska Birch 
B. alaskana Sarg. not Lesq. 
B. neoalaskana Sarg. 
A forest tree of moderate size; bark exfoliating, white or rarely red-
dish or brownish, twigs brown, coated with a thin layer of wax; leaves 
ovate-rhombic, serrate, acute to long acuminate at the apex, sharply to 
widely cuneate at the base, 3-6 cm. long; fruiting aments 25-45 mm. long; 
bracts about 6 mm. long with ciliolate margins; wings of the nutlets as 
broad or broader than the body. The common White Birch of interior 
Alaska and Yukon. 
Bering Sea-Mackenzie delta-Sask. Fig. 367. 
The following hybrids have been recognized showing characters in· 
termediate between the parent species and showing great variation. 
Betula glandulosa X nana exilis 
Betula glandulosa X resinifera (B. eastwoodae Sarg.). Figs. 368, 369. 
Betula kenaica X nana exilis (B. hornei Butler). Fig. 370. 
Betula kenaica X resinifera 
Betula nana exilis X resinifera (B. beeniana A. Nels.). 
2. ALNUS (Tourn. ) L . 
Shrubs or trees with astringent bark; leaves dentate or serrate; 
staminate flowers 3 in the axil of each bract in the pendulous aments, the 
perianth 3-5-parted; stamens 3-5, with simple filaments; pistillate aments 
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erect, ovoid or ellipsoid in fruit , cone-like; pistillate flowers without 
perianth but with 1 or 2 minute bractlets. (Ancient Latin name.) 
lA. Nutlets margined but without membranous wings . ... . .. 3. A. incana 
2A. Nutlets with narrow wings .. . .. . . . . . .. . . .... . ........... 4. A. oregona 
3A. Nutlets with broad wings. 
lB. Peduncles pubescent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. A . crispa 
2B. Peduncles glandular but not pubescent .. . . . ...... . . . .. . 2. A. fruticosa 
1. A. crispa (Ait.) Pursh. Green Alder 
A. alnobetula (Ehrh.) K. Koch. 
A shrub 1-4 dm. tall; leaves oval or ovate, acute or obtuse at the 
apex, sharply and irregularly serrulate, glabrous above, usually more or 
less pubescent on the veins beneath, 4-8 cm. long; fruiting arnents slender-
peduncled, 10- 15 mm. long, less than 1 cm. thick; nutlets elliptic, 2.5-3 
mm. long; wings about as broad as the nutlet but variable and irregular. 
Bering Sea eastward in our area, circumboreal. Fig. 371. 
2. A. fruticosa Rupr. Alaska Alder 
A shrub or small tree, usually more or less decumbent and spread-
ing; leaves broadly ovate, obtuse or short-acuminate, sharply and irregu-
larly or doubly serrate, 6-12 cm. long; fruiting aments 12-20 mm. long, 
nearly 1 cm. thick; nutlets oval, about 3 mm. lohg. Related to A. crispa 
and by some. regarded as only a variety or subspecies. Var. sinuata 
(Regel) Hult. (A. sitchensis Sarg.) is a more upright form that sometimes 
reaches tree size with trunk diameter of 15-20 cm. ; the leaves are nar-
rower and more sinuate. 
Bering Str.-Alaska Range-Mont.-Ore. Figs. 372, 373. 
3. A. incana (L.) Moench. Mountain Alder 
A . tenuifolia Nutt. 
A large shrub or small tree up to 10 m. tall and a trunk diameter of 
22 cm.; leaves ovate or oval, shallowly lobed, acute or obtuse at the 
apex, rounded at the base, dentate with blunt teeth, 4-10 cm. long; fruit-
ing aments 8-15 mm. long, less than 1 cm. thick; nutlets with a narrow 
bordei: but without membranous wings, about 3 mm. long. 
Western Alaska-Newf.-Penn.-N. Mex.-northern Calif., also 
Eu. & western Asia. Fig. 374. 
4. A. oregona Nutt. Red Alder. Oregon Alder 
A. rubra Bong. not Marsh. 
A medium to large tree with gray bark; leaves ovate, rounded at the 
base, acute at the apex, doubly dentate with glandular, blunt teeth, 
tomentose beneath when young, 7-12 cm. long; fruiting aments 12-24 mm. 
long, about 1 cm. thick; nutlets ovate, about 3 mm. long, with narrow 
wings. 
Yakutat ~ay along the coast to northern Calif. Fig. 375. 
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4. URTICACEAE (Nettle Family) 
Herbs; leaves simple, with stipules; flowers dioecious, monoecious, 
or polygamous, greenish, borne in axillary paniculate cymes; sepals 2-5, 
distinct or partly united; stamens 2-5, in pistillate flowers reduced to 
staminodia or lacking; pistil solitary, becoming a 1-seeded achene. 
URTICA (Tourn.) L. 
Ours are dioecious perennials; leaves opposite, toothed, 5-7-veined; 
flowers in spike-like, paniculate cymes; sepals 4, nearly distinct, in pis-
tillate flowers the 2 outer smaller and spreading; staminate flowers with 
4 stamens; stigmas sessile, tufted. (Latin, to burn, in allusion to the 
stinging hairs.) 
Leaves wide, with cordate base .......... · .. ........... . . ... . 1. U. lyaUii 
Leaves narrower, lanceolate to ovate .. . .. ..... .. . . . . ........ 2. U. gracitis 
1. U. lyallii Wats. Lyall Nettle 
Stems 1-2 m. tall, sparingly bristly or nearly glabrous; leaves ovate, 
usually cordate at the base, more or less bristly above and on the veins 
beneath, coarsely and sharply serrate, acute or acuminate, 4-15 cm. long, 
3-10 cm. wide; staminate flower clusters longer than the petioles but 
pistillate clusters often shorter than the petioles; sepals much shorter 
than the achene. 
Near the coast, eastern Alaska-Ore. Fig. 376. 
2. U. gracilis Ait. Slender Nettle 
Stems rather slender, 6-25 dm. tall; ieaves sharply and deeply ser-
rate, long-acuminate, narrowed or rounded at the base, 5-12 cm. 19ng, 
1-4 cm. wide; flower clusters slender, longer than the petioles, shorter 
than the leaves, hirsute; sepals nearly equaling the achene. 
Western Alaska-Newf.-Conn.-N. Mex.-Ore. Fig. 377. 
5. LORANTHACEAE (Mistletoe Family) 
Evergreen shrubs or herbs parasitic on woody plants, nourished by 
means of specialized roots (haustoria) penetrating the tissues of the host 
plant; leaves in our plant reduced to opposite connate scales; flowers 
dioecious, regular, solitary or clustered, small, greenish; petals none; 
pistillate flowers with ovary adnate to the calyx tube; stamens 2-4; fruit 
a berry; seed solitary. 
ARCEUTHOBIUM Marsch.-Bieb. 
Small yellowish or greenish-brown fleshy plants with fragile, jointed, 
angled stems, and parasitic on coniferous plants; flowers solitary or a few 
in the axils of the scale-like leaves; calyx of staminate flowers 2-5-parted, 
usually bearing an equal number of stamens; berry fleshy, ovoid, more or 
less flattened. (Greek, meaning juniper, the original species being para-
sitic on Juniperus.) 
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A. tsugense (Rosend.) G. N. Jones Hemlock Dwarf Mistletoe 
Razoumofskya tsugensis Rosend. 
R. douglasii var. tsugensis Piper. 
Staminate plants much branched, 4-10 cm. tall; pistillate plants 
shorter and less branched; fruit 4-5 mm. long. This species is common on 
the Western Hemlock (Tsuga heterophylla (Raf.) Sarg.) around Juneau 
and Sitka and probably throughout southeastern Alaska but is usually 
high up in the trees and seldom noticed. 
Alaska along the coast to Wash. Fig. 378. 
6. SANTALACEAE (Sandalwood Family) 
Herbs, shrubs, or trees; leaves entire, without stipules; flowers per-
fect, monecious, or dioecious, mostly greenish; calyx adnate to the base 
of the ovary or the disk, 4-5-lobed; petals none; stamens as many as the 
calyx-lobes and inserted near their bases or upon the lobes or annular 
disk; ovary 1-celled, ovules 2-4 but fruit a 1-seeded drupe or nut. 
Flowers in terminal corymbose or paniculate cymes . ...... . .. 1. Comandra 
Flowers on axillary 1-4-flowered peduncles ....... . ... . .... . 2. Geocaulon 
1. COMANDRA Nutt. 
Smooth perennial herbs usually more or less parasitic on the roots 
of other plants; leaves alternate, pinnately veined, nearly sessile; flowers 
perfect; calyx campanulate, 5-lobed, the tube with a 5-lobed disk; stamens 
5, inserted in the lobes of the disk, attached to the calyx-lobes by tufts 
of hairs; fruit crowned by the. persistent calyx. (Greek, referring to the 
hairy attachment of the anthers.) 
C. pallida A. DC. Pale Comandra 
Stems slender, leafy, usually much branched, 15-45 cm. tall; leaves 
narrowly lanceolate or linear, or the lower oblong-elliptic, 15-35 mm. 
long; cymes clustered at the summit of the stems, the peduncles usually 
short; calyx purplish, about 4 mm. long, fruit ovoid, 6-8 X 4-5 mm. 
Central Yukon-Man.-Texas-Ariz . 
2. GEOCAULON Fern. 
Creeping stems slender and cord-like; erect stems slender and simple; 
leaves alternate and short-petioled; flowers borne from the axils of the 
leaves in 1-4, but usually 3-flowered umbels, 1 or 2 of the flowers perfect, 
the others staminate; fruit a globose-oblong, edible drupe crowned by the 
ovate calyx-lobes. (Greek, referring to the subterranean stems.) 
G. lividum (Rich.) Fern. Northern Comandra 
Comandra livida Rich. 
Erect stems 1-3 dm. tall; leaves thin,. oval, obtuse or rounded at the 
apex, 10-25 mm. long; peduncles 1-3; fruit reddish. 
Common in interior Alaska, less so along the coast and extending to 
Gt. Slave L.-Labr.- N. Hamp.-Wash. Fig. 379. 
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7. POLYGONACEAE. Buckwheat Family 
Herbs, or in warm climates sometimes woody plants; leaves usually 
entire, alternate, with stipules united to form a sheath; flowers small, 
regular, usually perfect; sepals 2-6, more or less united and often petaloid; 
corolla none; stamens 2-9; pistil of 2 or 3 carpels; ovary 1-celled; fruit 
a triangular or lenticular achene. 
lA. Flower cluster subtended by an involucre ........... .. .. 1. Koenigia 
2A. Flower cluster not involucrate. 
lB. Stigmas capitate .. ....... ............. .. .. ............ 4. Polygonum 
2B. Stigmas tufted. 
lC. Calyx 6-parted, style 3-parted .......... .. ... .... . . .. 2. Rumex 
2C. Calyx 4-parted, style 2-parted ....................... 3. Oxyria 
1. KOENIGIA L. (Macounastrum Small) 
Small glabrous annual; stems slender, spreading or erect; leaves 
entire with funnelform, membranous sheaths; flowers minute, perfect, in 
terminal clusters subtended by a several-leaved involucre; calyx usually 
3-parted, greenish-white, with equal valvate segments; stamens 2 or 4; 
achenes 3-angled. (Charles Dietrich Eberhard Konig 1774-1851, botanist.) 
K. islandica L. Koenigia 
M. islandicum (L.) Small. 
Stems very slender, 5-15 cm. long, simple or forked; leaves obovate 
or oblong, 2-8 mm. long; involucre of 3-6 obovate leaves; flowers fascicled 
in the involucre and solitary or few in the axils of the upper leaves; 
calyx-segments ovate, obtuse; achenes about 1.5 mm. long, trigonous, the 
faces convex. 
Wet places or in the edge of water, circumpolar. Fig. 380. 
2. RUMEX L. 
Mostly leafy-stemmed herbs with thick roots; leaves alternate or 
basal, often wavy or crisped; flowers green or reddish, perfect, dioecious, 
or polygamo-monoecious, borne in whorls; sepals 6, the 3 inner ones 
developing into entire, dentate, or fringed valyes, one or all of which 
often bear a grain-like tubercle·; stamens 6; ovary with 3 peltate, tufted 
styles; achene 3-angled. A very confusing group, many forms probably 
being hybrids. (The ancient Latin name.) 
lA. Flowers mostly dioecious, basal leaves hastate or linear. 
lB. Inner sepals enlarging after flowering. . . . . . . . . . . . . . . . . 3. R. acetosa 
2B. Inner sepals not enlarging after flowering. 
lC. Flowers and stigmas large, leaves usually linear ... ... 1. R. graminifolia 
, 2C. Flowers and stigmas smaller, lower leaves hastate. 2. R. acetosella 
2A. Flowers mostly perfect. 
lB. Valves deeply toothed or fringed. 
lC. Leaves large, cordate, broad . ..... ... . .... ... .. . .. ... 4. R. obtusifolius 
2C. Leaves long and narrow .......... . ..... . . . .. . .. .. ... 5. R. maritimus 
2B. Valves entire or wavy-margined. 
lC. Stems erect. 
lD. One or more of the valves with tubercles .. . ........ 6. R. crispus 
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2D. Valves without tubercles. 
lE. Valves l:lroad, rounded, often broader than long .. 7. R. domesticus 
2E. Valves ovate or cordate, broadest near the base. 
lF. Leaves somewhat fleshy, those of the stem nar-
row. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. 8. ~· arcticus 
2F. Leaves wavy or crisped, stem leaves broader. 
lG. Valves about 5 mm. long ....... ... . . .. . .. ... 9. R. occidentalis 
2G. Valves 7 mm. or more long ..... . ... . ..... . . 10. R. fenestratus 
2C. Stems ascending or decumbent. 
lD. Valves 2.5-3 mm. long ............... . ...... . ..... 11..R. sibiricus 
2D. Valves 3-4 mm. long ...... . ... . ............ . ... . .. 12. R. transitorius 
1. R. graminifolius Lamb. Grass-leaved Sorrel 
A rare species related to R. acetoselLa but distinguished by the very 
narrow and linear basal leaves and the much larger flowers and fruit. 
Eastern Asia-Greenl. 
2. R. acetosella L. Sheep Sorrel 
A glabrous, dioecious perennial with a creeping rootstock, 1-6 dm. 
tall; leaves narrowly hastate, some of the upper ones lanceolate or linear, 
2.5-12 cm. long; flowers and achenes often reddish or purplish; achenes 
ovoid, triangular, minutely .roughened, exceeding the persistent sepals, 
about 1.5 mm. long. Ssp. angiocarpus (Murb.) Murb. has the sepals ad-
herent to the seed. 
A common weed, native of Eurasia and widely naturalized. Fig. 381. 
3. R. acetosa L. Green Sorrel 
Perennial; stem simple, grooved, 3-10 dm. tall; leaves ovate or oblong-
ovate, usually with acute auricles at the base, crisped or erose on the 
margins, the basal few on long petioles, those of the upper part of the 
stem subsessile; panicle often reddish; pedicels nearly as long as the 
valves, jointed near the middle; valves cordate-orbicular, 3.5-5 mm. long; 
lower sepals reflexed. Most of the specimens collected in Alaska are the 
ssp. alpestris (Murb.) Murb. with ovate-triangular leaves and long, acute, 
rarely lacerate ocreae. 
Bering Sea through central Alaska, circumboreal. Fig. 382. 
4. R. obtusifolius L. ssp. ·agrestis (Fr.) Danser. Bitter Dock 
Stems stout, erect, conspicuously grooved, 6-12 dm. tall; lower leaves 
ovate-cordate, the margin wavy, long-petioled, 15-30 cm. long, the upper-
most ovate-lanceolate; pedicels jointed below the middle; valves ovate, 
4-5 mm. long, strongly reticulated, with a few spreading spiny teeth, one 
of the valves bearing a tubercle. 
Introduced weed, native of Eurasia. Fig. 383. 
5. R. maritimus L. Golden Doc:k 
Annual, pale green; stem with short pubescence, often diffusely 
branched; leaves narrow, papillate; flowers in dense whorls in leafy, 
compound racemes; valves with 1-3, usually 2, long bristle-like teeth on 
each margin, and bearing an oblong or lanceolate tubercle; achenes 1.5 
mm. long, smooth and shining. · Var. fueginus (Phil.) Dusen. (R. persi-
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carioides Am. Auct.) has the me.dian stem leaves slightly cordate or 
truncate at the base and more crisped. Also the fruit is darker in color. 
Rare, the typical form has been collected at Dawson, the variety in 
Alaska-Anticosti-Penn.-Ill.-Calif., and in South America. The type 
form is Eurasiatic. Fig. 384. 
6. R. crispus L. Curled Dock 
Stems erect, 5-10 dm. tall; leaves crisped and wavy-margined, oblong-
lanceolate, 7-15 cm. long; inflorescence dense; pedicels longer than the 
valves, jointed at or below the middle, the joints conspicuous; valves 
cordate, 3-4 mm. long and wide, brown, with one valve or all 3 bearing a 
conspicuous, reddish, raised tubercle. 
An introduced weed, native of Eurasia. Fig. 385 .. 
7. R. domesticus Hartm. Garden Dock 
An upright perennial, 5-15 dm. tall; basal leaves broadly lanceolate, 
narrowed or rounded at the base, the margin wavy and somewhat crisped, 
up to 3 dm. long; panicle rather dense; pedicels jointed below the middle; 
valves round-reniform, usually broader than long, cordate, without 
tubercles, but one of them often showing a tendency toward a callosity at 
the base. 
An introduced weed, native of Europe and western Asia. Fig. 386. 
8. R. areticus Trautv. Arctic Dock 
Stems erect, usually suffused reddish-purple, as low as 1 dm. tall in 
the high arctic to 1 m. further south; leaves cordate-lanceolate to linear-
lanceolate, rather thick, not wavy, the margins sometimes finely crisped, 
the basal 6-25 cm. long; branches of the panicle few and simple; valves 
4-8 mm. long, 3-4 mrri. wide, usually reddish or brownish. Seems to 
hybridize with R. fenestratus. Var. perlatus Hult. Basal leaves elliptical, 
about 7 cm. long, 4-4.5 cm. wide. 
A species of arctic-circumpolar distribution. Fig. 387. 
9. R. occidentalis Wats. Western Dock 
Similar to R. fenestratus but less vigorous and with smaller fruits, the 
valves being about 5 mm. long and wide. Most reports of this species from 
Alaska refer to R. fenestratus. 
Yukon-Que.-Maine-S. Dak.-N. Mex.-Calif. 
10. R. fenestratus Greene. Great Wes tern Dock 
R. occidentalis Am. Auct. in part. 
A vigorous grower, up to 2 m. tall; lower leaves cordate-ovate to 
cordate-lanceolate, up to 4 dm. long on petioles up to 6 dm. long, the 
margins wavy; pedicels longer than the valves, the articulation obscure; 
valves large, thin, translucent, 6-9 mm. wide, up to 10 mm.. long, promi-
nently reticulate-veined. Ssp. puberulus Hult. of southeastern Alaska has . 
the stems, petioles, and lower surface of the leaves puberulent. 
Alaska-Labr.-Que.-Mont.-Calif. Fig. 388. 
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11. R. sibiricus Hult. Siberian Dock 
Resembles R. transitorius but has thick, narrow, grayish-green, 
smooth, not undulate leaves and smaller fruit, the valves 2.5-3 mm. long. 
Asia-Mackenzie district. 
12. R. transito'rius Rech. f. Beach Dock 
Stems 3-6 dm. tall, usually decumbent at the base; leaves pale green, 
lanceolate, undulate or crisped, 4-15 cm. long, 1-3 cm. wide; inflorescence 
crowded, the branches erect or ascending; pedicels short, jointed near the 
base; valves ovate-lanceolate, acute, 3-4 mm. long, each with a promi-
nent tubercle. 
A plant of salt marshes, Alaska-Calif. Fig. 389. 
3. OXYRIA Hill. 
Somewhat fleshy, glabrous, alpine perennials with acid juice and 
rather fleshy taproot; leaves mostly basal, reniform to orbicular, cordate, 
long-petioled, palmately-veined; flowers perfect, small, green, in verti-
cels arranged in panicled racemes; sepals 4, the outer larger than the 
inner; stamens 6, included; ovary 1-celled with 2-parted style; stigmas 
fimbriate, persistent on the wings of the calyx in fruit; achene ovate, 
lenticular. (Greek, sour, with reference to the acid leaves.) 
0. digyna (L.} Hill. Mountain Sorrel 
Stem erect, scapiform, 1-6 dm. tall; leaves 15-50 mm. wide, often 
undulate; racemes many-flowered; flowers slender-pedicelled; inner 
sepals erect, the outer somewhat reflexed in fruit; achenes broadly winged. 
A circumboreal species found throughout our region. Fig. 390. 
4. POLYGONUM (Tourn.) L. 
Ours all herbs with alternate, entire or toothed leaves with sheathing 
stipules; flowers small, normally perfect, often spicate; sepals 4-6, united 
at the base and often colored; stamens 3-9; stigmas 2 or 3; achenes len-
ticular or triangular, enclosed by the persistent calyx. (Greek, many and 
knee, from the swollen joints of many species.) 
lA. Stems twining, leaves cordate . .... . . .. .... . . . .. . . . .. ... . Subgenus Bilderdykia 
2A. Stems not twining. 
lB. Stems unbranched, from a bulb-like caudex, inflores-
cence a spike-like raceme .. . . .. .. . ... . .......... . . Subgenus ·Bistorta 
2B. Stems branched. · 
lC. Flowers paniculate or in axillary clusters, leaves 
ample ...... . . ..... .. ... .... . . .. .. ... . .. . . ..... . Subgenus Aconogonum 
2C. Flowers in spikes with very small bracts. . .... . ... .. Subgenus Persicaria 
3C. Flowers in axillary clusters, or solitary, or spike-
like with leafy bracts .. . .. . ........ ... . . . . . . .... Subgenus Avicularia 
Subgenus Bilderdykia 
One species ...... . . . ... . ... . ..... . ....... .... ....... . ... .. .. 1. P . convolvulus 
Subgenus Bistorta 
Racemes dense, without bulblets below the flowers .. . . . .. . . 2. P . bistorta 
Racemes less dense, usually with bulblets below the flowers ... 3. P. v iv:parum 
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Subgenu~ Aconogonum 
One species. 4. P. alaskanum 
Subgenus Persicaria 
lA. Plant usually floating, base of leaves ovate or cordate.. 5. P. amphibium 
2A. Plant not floating, base of leaves cuneate. 
lB. Calyx and pedicels glandular. 
lC. Spikes dense, obtuse .......... . .. ........... . ....... 6. P. scabrum 
2C. Spikes narrow, acute. 
lD. Spikes interrupted, achenes dull .................. 7. P. hydropiper 
2D. Spikes not interrupted, achenes shining ......... .. 8. P. nodosum 
2B. Calyx and pedicels without glands. 
lC. Ocreae not fringed . ......... . .... ... .... . . . ... .. .. . . 9. P . pennsylvanicum 
2C. Ocreae fringed with bristles. 
ID. Racemes slender, loosely-flowered .... . . . . ... ..... 10. P. hydropiperoides 
2D. Racemes ovate, broad and compact ... . . . . .. .... . . 11. P. persicaria 
Subgenus Avicularia 
lA. Leaves acute. 
lB. Stems ascending, achenes smooth ...................... 18. P . ramosissimum 
2B. Stems prostrate, achenes dull . ... .. ..... .............. 19. P. neglectum 
2A. Leaves obtuse. 
lB. Achenes exerted. 
IC.Stems very slender, leaves small. ....... .......... ... 12. P . caurianum 
2C. Stems coarser, leaves larger, maritime species .. . . .. . . 13. P. fowleri 
2B. Achenes included or only slightly exerted. 
lC. Flowers shorter than oCreae, plant much branched ... 14. P . prolificum 
2C. Flowers longer than the ocreae. 
lD. Stems prostrate . ... ....... .... ..... . . .. . . ......... l:i. P. bu.xiforme 
2D. Stems ascending. 
lE. Leaves of the flowering branches much shorter 
than those of the stem . . . . ..... . . . . ..... .... . 16. P . heterophyllum 
2E. Leaves of flowering branches like those of stem . . 17. P. achoreum 
1. P. convolvulus L. Black Bindweed 
Bilderdykia convolvulus (L.) Dum. 
Tiniaria convolvulus (L.) Webb. & Moq. 
Stem climbing or trailing, 3-10 dm. long; leaves ovate-sagittate, acu-
minate, 2-6 cm. long; flowers ,greenish, 3.5-4 mm. long, in rather lax 
racemes 1-6 cm. long; three of the sepals keeled; pedicels slender, articu-
lated, reflexed; achene triangular, black, minutely roughened. 
Native of Eurasia but widely naturalized in temperate climates. 
Fig. 391. 
2. P. bistorta L. ssp. plumosum (Small) Hult. Mountain Meadow Bistort 
Bistorta lilacina Greene. 
Erect perennial, 5-50 cm. tall; leaves mostly basal, long-petioled, 
glabrous above, scabrous-puberulent beneath, 5-15 cm. long; stem leaves 
usually 2; spike terminal, 2- 7 cm. long, more than 1 cm. thick, dense; 
perianth rose; stamens 8, exserted; achenes triangular, acuminate, 4-5 
mm. long. 
The species is circumboreal. Fig. 392. 
3. P. viviparum L. Alpine Bistort 
Bistorta vivipara (L.) S. F. Gray. 
A very variable species, some alpine forms occasionally less than 1 
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dm. tall, lowland forms up to 4 dm. or more tall; leaves ovate, lanceolate, 
or linear, the blades 1-15 cm. long, acute to subcordate at the base, acute 
or obtuse at the apex, reticulately veined !ind the midrib prominent; 
spike.s 2-10 cm. long, less than 1 cm. thick, bulblet-bearing below and 
sometimes throughout; flowers white or light rose; stamens 8, exserted; 
achenes dark brown, granular, dull. 
Wet soil, alpine-arctic to lowlands, circumboreal. Fig. 393. 
4. P. alaskanum (Small) Wight. Wild Rhubarb 
P. alpinum alaskanum Small. 
Acanogonum phytolaccaefolium Auct. in part. 
Stem branched, erect or ascending, 8-18 dm. tall; leaves lanceolate, 
acute or acuminate at the apex, narrowed or truncate at the base, some-
what crisped, .6-20 cm. long, inflorescence showy; pedicels jointed near 
the base; calyx 3-4 mm. long; achenes 4 mm. long, light straw-colored, 
~~~. . 
Interior Alaska from Bering Sea east and in Yukon. Fig. 394. 
5. P . amphibium L . ssp. laevimarginatum Hult. Water Persicaria 
P. coccineum Muhl. ' 
P. natans (Michx.) Eaton. 
Persicaria amphibia (L.) S. F. Gray. 
An exceedingly variable species, the aquatic form with floating stems 
the leaves of which are smooth, glossy, tinged with red, oblong or elliptic; 
the amphibious form often with erect stems, lanceolate, acute leaves with 
stiff pubescence; spikes terminal, dense, 15-30 mm. long, more than 1 cm. 
thick; flowers rose; achenes lenticular, biconvex. 
A circumboreal species, the subspecies in eastern Asia and across 
North America to Newf. and southward. Fig. 395. 
6. P. scabrum Moench. Tomentose Persicaria 
P. tomentosa Schrank. 
Annual, 1-5 dm. tall; leaves lanceolate, some of the lower ones retain-
ing some flocculent tomentum on the under surface; spikes thickish, the 
lateral ones scarcely peduncled; flowers pale; achenes lenticular, the sides 
concave with a slight ridge through the center. 
Sparingly introduced in our area, native of Eurasia. 
7. P. hydropiper L. Water Pepper 
Annual; stems glabrous, simple to much branched, 2-6 dm. tall; 
leaves ovate-lanceolate to linear-lanceolate, acute at apex, narrowed into 
a short petiole at the base, papillose and punctate, very acrid, 2-9 cm. 
long; racemes 2-6 cm. long, interrupted and drooping; sepals greenish 
with pale or rose margins; achenes lenticular or 3-angled, granular and 
dull. 
Sparingly introduced, native of Europe. 
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8. P. nodosum Pers. Dock-leaved Persicaria 
P. lapathifolium L. var. nodosum (Pers.) Weinm. 
Annual, glabrous, 3-7 elm. tall; leaves lanceolate, punctate, ciliolate 
on the margins, cuneate at the base, 5-20 cm. long; racemes spike-like, 
panicled, 2-8 cm. long, erect or nodding; flowers greenish-white or tinted 
rose; achenes lenticular, broadly ovoid, about 2 mm. long and nearly as 
broad, shining, the faces concave. 
A sparingly introduced weed native of Eurasia but widely distrib-
uted. Fig. 396. 
9. P. pennsylvanicum L. Pennsylvania Persicaria 
Annual, glabrous below; stem simple or more usually branched; 3-8 
elm. tall; leaves lanceolate, acuminate, petioled, ciliate on the margins, 
4-20 cm. long; racemes panicled, oblong or cylindric, dense, the peduncles 
beset with stipitate glands; calyx deep pink or rose, 3-4 mm. long; achene 
• orbicular, short-pointed, lenticular, about 3 mm. wide, smooth, shining. 
An introduced weed, native of eastern U. ?· 
10. P. hydropiperoides Michx. Mild Water Pepper 
Perennial, glabrous or strigillose, 3-9 elm. tall; leaves oblong-lanceolate 
to linear-lanceolate, 5-15 cm. long, short-petioled, ciliate, pubescent with 
appressed hairs on the midrib beneath, racemes slender and interrupted, 
3-8 cm. long; calyx white to rose; achenes 3-angled, ovoid or oblong, 2 mm. 
long, smooth and shining. 
Rare, central Alaska-Que.-Fla.-Mex. 
11. P. persicaria L. Lady's Thumb 
Persicaria maculosa S. F. Gray. 
Annual, glabrous or nearly so, 2-6 elm. tall; leaves lanceolate or 
linear-lanceolate, punctate or roughened beneath, somewhat ciliate, 3-15 
cm. long; ocreae cylindric with a fringed margin; spikes erect, 1-4 cm. 
long; achenes lenticular with convex sides, ovoid, about 2.5 mm. long and 
2 mm. wide, rarely triangular. 
An introduced weed, native of Eurasia. Fig. 397. 
12. P. caurianum Robins. Alaska Knotweed 
Annual, usually more or less reddish; stems slender to very slender, 
prostrate or ascending, sparsely to profusely branched, 12-50 cm. long; 
leaves narrowly elliptical or oblong, 10-16 mm. long, 3-5 mm. wide, 
rounded at the apex, narrowed to a short petiole at the base; sepals 
rounded, the inner ones and often all of them with petaloid margins; 
achenes dark brown or black, minutely puncticulate, 2-3 mm. long, some-
times much longer than the calyx. 
Northeastern Asia and northwestern America. Fig. 398. 
13. P. fowleri Robins. Fowler Knotweed 
Perennial; stems ascending, decumbent, or prostrate, 2-6 elm. long; 
lep.ves all alike, oblong, oblanceolate, or elliptic-lanceolate, petioled, 1-3 
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cm. long, up to 1 cm. wide; sepals tipped and margined white, pink, or 
red, 2.5-3.5 mm. long in fruit and slightly shorter than the reddish-brown, 
acute achene. 
Sea beaches, eastern Asia-Alaska-Wash. and Labr.-N. S. Fig. 399. 
14. P . prolificum (Small) Robins. Proliferous Knotweed 
Annual; stems up to 5 dm. tall, much branched, strongly striate; leaves 
narrow, linear-oblong or linear, thick, dark green, 1-2 cm. long; perianth 
about 2 mm. long, pinkish; achenes brown, about 2 mm. long, abruptly 
contracted at the apex. 
Probably introduced, Yukon-Mont.-Que.-Maine-Va.-Colo. 
15. P. buxiforme Small. Common Knotweed 
Annual, stems decumbent or prostrate, diffusely branched, striate, 
2-12 dm. long; leaves oblong, elliptic, or oblanceolate, usually obtuse, 5-25 
mm. long, often crisped on the margin; flowers 2-6 in a cluster; sepals • 
green with whitish or pinkish margins; achenes dark brown, somewhat 
roughened, 2-3 mm. long.- Many reports of P. aviculare L. refer to this 
species. 
Nome-Mayo-Ont.-Va.-Texas-Calif. Fig. 400. 
16. P. heterophyllum Lindm. Various-leaved Knotweed 
Stems ascending, more or less branched, 3-9 dm. tall; lower leaves 
obovate or oblanceolate, 15-45 mm. long, 5-15 mm. wide; upper leaves 
reduced, narrower and acute; sepals whitish or pinkish at the tip, in fruit 
3.5-4 mm. long, strongly reticulate-veined and enclosing the achene. 
An introduced weed, native of Europe. Fig. 401. 
17. P. achoreum Blake. 
Annual; stems ascending, much branched, striate, glabrous, 15-40 cm. 
tall; leaves numerous, elliptic, oval, or obovate, rounded at the apex, 
8- 30 mm. long, 4-14 mm. wide; sepals in fruit 3.5-4 mm. long, the inner 
ones white- or pink-margined; achenes included, dull, about 2.5 mm. long. 
Central Alaska-Que.-Vt.-Mo.-Kans.-Mont. Fig. 402. 
18. P . ramosissimum Michx. Bushy Knotweed 
Annual, yellowish-green, glabrous; stems erect or ascending, usually 
much branched, 1-12 dm. tall; leaves lanceolate or linear-obling, short-
petioled; 5-20 mm. long, acute at both ends; flowers short-pedicelled; 
sepals yellowish or with yellow margins, 2.5-3 mm. long; achenes black, 
shining, included or slightly protruding. 
Southeastern Alaska-Minn.-Ill.-N. Mex.-Calif. Introduced in 
eastern U . S. and Canada. 
19. P. neglectum Bess. 
Annual or perennial ; stems prostrate, diffusely branched, striate, 
1- 5 dm. long; leaves narrow, elliptic-lanceolate or linear, 6-18 mm. long; 
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flowers nearly sessile; sepals about 2 mm. long, the margins usually suf-
fused with pink; achene reddish-brown, about 2.5 mm. long, definitely 
longer than the sepals. 
An introduced weed, native of Europe. Fig. 403. 
Fagopyrum esculentum Moench, the cultivated Buckwheat, sometimes 
persists for a few years after cultivation. It is an erect annual, 3-8 dm. 
tall ; leaves hastate, 3-8 cm. long; sepals white or whitish; achenes about 
5 mm. long, about twice as long as the calyx. It is a native of eastern 
Europe or western Asia. 
8. CHENOPODIACEAE (Goosefoot Family) 
Ours all more or less fleshy herbs, often white-mealy; leaves simple, 
in Salicornia reduced to mere ridges; flowers sessile in axillary or terminal 
clusters or in spikelets; calyx of 1-5 sepals, usually small; corolla none; 
stamens 1-5; pistil of 2-5 united carpels with 1-celled ovary and 2-5 
styles; fruit a utricle with embryo curved around the endosperm. 
lA. Leaves reduced to scales, stems fleshy, jointed ... ..... .. 6. Salicornia 
2A. Leaves present, stems not jointed. 
lB. Leaves linear or subulate. 
lC. Calyx of 1 sepal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. Corispermum 
2C. Calyx 5-parted .... .. .. . .. ..... . . .. . . . . . . ... .. ...... 5. Suaeda 
2B. Leaves broader. 
lC. Sepals 1, stamen 1 .. . .. ... ...... . . ....... . ... . .... .. . 2. Monolepis 
'2c. Calyx-lobes 3-5, stamens usually 5. • 
lD. Flowers monoecious or dioecious .. . . . . •. . ... .. . ... 3. Atriplex 
2D. Flowers perfect . .. .... . ... . . .. ........... .. . . . ... . 1. Chenopodium 
l. CHENOPODIUM (Tourn.) L. 
Ours all annual herbs; leaves alternate, mealy-coated or glandular; 
flowers very small, green, in axillary or terminal spikes or glomerules; 
sepals persistent, more or less enclosing the utricle; utricle 1-seeded, the 
embryo a complete ring. (Greek, goose and foot, from the shape of the 
leaves of some species.) 
lA. Leaves triangular, cordate o~ hastate, sinuate-dentate or coarsely toothed. 
lB. Flowers in globose sessile heads, becoming berry-like 
in fruit . ... . ... .. . . . . . ... .. . . ....... . .. . . . . .. .... . l. C. capitatum 
2B. Flowers in loosely panicled racemes. . . .. . .'. . . . . . . . . . . . 2. C. gigantospermum 
2A. Leaves entire to sinuate-dentate, linear, oblong, or rhombic-ovate. 
lB. Plant decumbent .. ...... . .. .. ..... .. ..•.. . .... . . . . .. .. 3. C. glaucum 
2B. Stems usually erect. 
lC. Seeds covered with shallow, honeycomb-like pits on 
upper surface .. .... . .. ... .. . . . .. . . ... .. . . . . ... .. 4. C. berlandieri 
2C. Seeds with radial furrows or nearly smooth. 
lD. Leaves linear, mostly entire . . .. .. . .. . .... .. .... . . . 5. C. leptophyllum 
2D. Leaves broader, mostly toothed .. .. .. ... ... .. . . .... 6. C. album 
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1. C. capitatum (L.) Achers. Strawberry Spinach 
Blitum capitatum L . 
Stems usually branched from the base, 2-5 dm. tall; leaves triangu-
lar-lanceolate, 3-7 cm. long, sinuate-toothed, the upper entire; flower 
heads becoming red, globular clusters, 7-14 mm. in diameter in fruit; seed 
compressed, ovate, acutely margined or keeled. 
Central Alaska-N. S.-N. Jer.-Minn.-Colo.-Nev. Fig. 404. 
2. C. gigantospermum Aellen. Maple-leaved Goosefoot 
C. hybridum Am. Auct. 
Glabrous, bright green annual, sometimes mealy in the inflorescence; 
stems usually branched, 3-14 dm. tall; leaves with 1-4 large, triangular 
teeth on each side, the uppermost sometimes entire; flowers in large axil-
lary or terminal panicles; calyx lobes not completely enclosing the fruit, 
often spreading as the fruit ripens; fruit flat, brownish-black, 1-2 mm. 
in diameter. 
Dawson-Alta.-Maine-Va.-Okla.-N. Mex.-Calif. 
3. C. glaucum L. ssp. salinum (Standl.) Aellen. Oak-leaved Goosefoot 
Low, succulent, spreading or prostrate; leaves green above, white-
mealy beneath, 1-5 cm. long; flowers in small axillary clusters shorter 
than the leaves, or the upper panicled; calyx about 1 mm. broad, neither 
fleshy nor keeied in fruit, not entirely covering the utricle: 
Manly Hot Sprin&s-L. Athabasca-Man.-N. Mex.-Ariz. The main 
form is Eurasiatic. Fig. 405. 
4. C. berlandieri Moq. ssp. zschackei (Murr.) Zobel. 
Zschacke Goosefoot 
Similar to C. album; stems erect, 3-9 dm. tall, branched, striate; leaves 
lanceolate, oblong, ovate, or somewhat rhombic, 15-40 mm. long, mucronu-
late, often with a few teeth; calyx densely farinose; utricle 0.8-1 mm. 
broad, puncticulate. 
Collected a -few times in Alaska, probably introduced. Ore.-Minn.-
La.-Mex.-Calif. 
5. C. le,ptophyllum Nutt. Narrow-leaved Goosefoot 
Annual; stems slender, striate or grooved, 2-7 dm. tall; leaves linear 
to linear-lanceolate, usually entire, 15-45 mm. long, farinose beneath; 
calyx densely farinose, completely enclosing the utricle; pericarp free; 
utricle about 1 mm. broad, nearly black, smooth and shining. 
Introduced in our area, Yulton-Man.-Ill.-Mex.-Calif. Also ad-
ventive in eastern states, Argentina and Europe. 
6. C. album L. Lamb's Quarters 
Stout and branched if not crowded, 3-20 dm. tall; leaves -dentate, 
except the upper ones, 2-8 cm. long; spikes terminal and axillary, usually 
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compound and often panicled; sepals keeled in fruit; usually enclosing 
the black, shining utricle. 
A weed introduced in all temperate regions, native of Eurasia. Fig. 406. 
2. MONOLEPIS Schrad. 
Low branching annuals; leaves alternate; flowers perfect or polyga-
mous, borne in small axillary clusters; calyx of a single herbaceous sepal; 
stamen 1, styles 2, slender; utricle vertical, flattened, the pericarp per-
sistent; embryo a nearly complete ring. (Greek, one and scale, from 
the single sepal.) 
M. nuttalliana (Schult.) Greene. Nuttall Monolepis, Poverty Weed 
Glabrous, or somewhat mealy when young, branched from near the 
base, 10-25 cm. tall; leaves hastate-lanceolate with 2 spreading lobes near 
the middle, short-petioled or the upper sessile and sometimes entire, 
15--60 mm. long; pericarp minutely pitted. 
Dry soil, central Alaska-N. W. Terr.-Minn.-Mo.-N. Mex.-Calif. 
Fig. 407. 
3. ATRIPLEX (Tourn.) L . 
Ours annual herbs with scurfy or mealy leaves; flowers monoecious 
or dioecious, borne in panicled spikes or congested axillary clusters; 
staminate flowers bractless, with 3-5 each of sepals and stamens; pistillate 
flowers usually without sepals but subtended by 2 more or less united 
bracts which enlarge in fruit; stigmas 2; utricle vertical; embryo a ring 
in the mealy endosperm. (From a Greek name of orache.) 
lA. Pistillate flowers all alike, without calyx. 
lB. Leaves sessile . . .. .. . . .... .. . . ..... . . .. . . ........... .. . 1. A . drymarioides 
2B. At least the lower leaves petioled. 
lC. Bracts dentate, leaves with forward-pointing teeth . .. 2. A. patula 
2C. Bracts entire, leaves usually entire. 
lD. Fruiting bracts 6-20 mm. long . .. . . ..... .. ..... . .. . 3. A . alaskensis 
2D. Fruiting bracts 3-l~mm. long .. . .. . . . .. .... .. . . .. 4. A. gmelini 
2A. Pistillate flowers of 2 kirids, some with a 3-5-lobed 
calyx, others without perianth but with bracts ... . ... 5. A. hortensis 
1. A. drymarioides Standl. 
Stems sparsely branched, erect or spreading, sparsely farinose, 6-10 
cm. tall; lower leaves opposite, the upper alternate, sessile, cuneate-
obovate to oblong, 9-17 mm. long, 4-8 mm. wide, rounded or obtuse at the 
apex, cuneate at the base, finely farinose; fruiting bracts usually on long, 
slender pedicels, 4-6 mm. long, usually narrower at the base than the 
utricle. 
Pacific coast of Alaska. 
2. A. patula L. Spear Orache 
Stems erect to procumbent, the branches 3-9 dm. long; lowest leaves 
opposite, the upper alternate; leaves lanceolate to rhombic-lanceolate, 
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sometimes hastate, 25-80 mm. long, entire or sinuate-dentate, glabrous 
or farinose beneath; fruiting bracts 2-6 mm. long, -often subhastate, acute 
or acutish, tuberculate, the margins usually denticulate. 
Introduced, native of Eurasia. 
3. A. alaskensis Wats. Alaska Saltweed 
Profusely branched; stems 4-8 dm. tall; leaves lanceolate, petioled, 
entire or with a few teeth, 6-15 cm. long; fruiting bracts entire, attenuate 
at the apex, up to 10 mm. long and 8 mm. wide, reticulated, united only 
near the base; utricle minutely pitted. 
Sandy beaches, Pacific coast of Alaska. Fig. 408. 
4. A. gmelini C. A. Mey. Gmelin Saltweed 
Stems simple to much branched, ascending, 1-5 dm. tall; leaves oblong, 
lanceolate, or linear, entire, sparingly toothed, or slightly 3-lobed near 
the base, 2-8 cm. long; fruiting bracts united only at the base, triangular-
rhombic, their sides often tubercled, much smaller than in A." alaskensis. 
Sea beaches, Japan-Kotzebue-northern California. Fig. 409. 
5. A. hortensis L. Garden Orache. Sea Purslane 
Stout, erect, 5-25 dm. tall, sparsely branched, the branches slender, 
ascending; lower leaves opposite, the ·upper alternate, broadly triangular 
or lance-oblong, 5-12, or even 20 cm. long, often hastately lobed, acute 
or obtuse at the apex, rounded, truncate, or subcordate at the base, 
sinuate-dentate to entire or undulate, farinose when young; fruiting 
bracts broadly oval or ovate, 5-18 mm. long, rounded to acute at apex, 
entire or denticulate. 
Introduced at Fairbanks, native to central Asia. 
4. CORISPERMUM (A. Juss.) L . 
Annuals with narrow, entire, 1-nerved leaves; flowers small, perfect, 
bractless, produced in the axils of the modifietj. .. upper leaves and forming 
terminal spikes; sepal broad; stamens 1-3; peri~arp of the utricle adherent 
to the seed. (Greek, bug-seed.) 
C. hyssopifolium L . Bug-seed 
Usually pubescent, somewhat fleshy; stem striate, usually much 
branched, 12-50 cm. tall; lower leaves narrowly linear, sessile 15-50 mm. 
long; upper leaves ovate ·or lanceolate, acute or acuminate, usually imbri-
cate; utricle .ellipsoid, narrowly winged, the base of the styles persistent. 
A circumboreal species found along the Yukon. Fig. 410. 
5. SUAEDA Forsk. 
Plants fleshy ; leaves alternate, narrowly linear, thick, entire, sessile; 
flowers perfect or polygamous, solitary or clustered in the axils of the 
upper leaves; sepals 5, keeled or narrowly winged in fruit and enclosing 
the utricle; stamens 5; styles usually 2; seed separating from the pericarp. 
(Name Arabic.) 
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S. maritima (L.) Dumort. Low Sea-blite 
Dondia maritima (L.) Druce. 
A much branched, erect or decumbent annual, 6-20 cm. tall, some-
what glaucous; leaves 7-15 mm. long; sepals rounded or very obtusely 
keeled; seeds orbicular, slightly concave on one side, brownish-black, 
shining. 
Sea beaches, Cook Inlet-southeastern Alaska and Atlantic coasts of 
America and Europe. Fig. 411. 
6. SALICORNIA (Tourn.) L . 
Fleshy glabrous herbs with opposite branches; leaves reduced to 
scales at the nodes; flowers perfect or polygamous in cylindrical terminal 
spikes, sunk into the internodes; calyx fleshy, the border truncate or 3-4 
toothed; stamens 1 or 2, exserted; styles or stigmas 3; utricle enclosed in 
the spongy calyx. Plants growing in saline soil. (Greek, salt and horn, 
from the habitat and the horn-like branches.) 
Plant annual. .......... . ... . .. .... ............. . ... . ..... ... 1. S. herbacea 
Plant perennial ......................................... .. .. 2. S. pacifica 
1. S. h~rbacea L. Slender Glasswort 
S. europea Am. auct. 
Stems usually upright and much branched, 5-15 cm. tall, often turn-
ing bright red; fruiting spikes slender, 1-3 cm. long, the apex acute; 
flowers 3 at each node, the middle one much higher than the lateral, but 
shorter than the internode. 
Cook Inlet-Calif., Atlantic coast, Eurasia and Africa. Fig. 412. 
2. S . pacifica Stand!. 
Stems usually more or less decumbent, 8-20 cm. long, with ascend-
ing branches, green or grayish; scales broad; fruiting spike 1-4 cm. long, 
about 4 mm. thick, blunt at the tip; flowers 3 at each node, on nearly 
the same level and about equaling the node. 
Sea beaches, southeastern Alaska-Mexico. Fig. 413. 
9. PORTULACEAE (Purslane Family) 
Ours succulent herbs with perfect. flowers; sepals usually 2; stamens 
opposite petals when of the same number; ovary superior, 1-celled, with 
central or basal placenta; styles usually 3, more or less united; fruit a 3-
valved capsule; seeds few, usually black and shining, minutely roughened. 
Petals 5, separate; stamens 5 .............................. .. . 1. Claytonia 
Petll.ls more or less united, stamens 3 ............... ....... .. 2. Montia 
1. CLA YTONIA L. 
Mostly perennials; sepals 2, herbaceous; petals pink or white, usually 
showy; ovules 3-6; seeds compressed. The corms of C. tuberosa and the 
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fleshy roots of C. acutifolia are eaten by the Eskimo. (John Clayton was 
an early American botanist.) 
lA. Rootstock a subterranean corm. . . . . . . . . . . . . . . . . . . . . . . . . . 1. C. tuberosa 
2A. Rootstock a large, fleshy root. 
lB. Sepals 7 mm. or more long. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. C. acutifolia 
2B. Sepals 5-6 mm. long .................................. 3. C. arctica 
3A. Roots fibrous. 
lB. Stems with 2 opposite leaves and sometimes a leaf-like bract. 
lC. Stems 1-flowered .................................... 6. C. scammaniana 
2C. Stems few-several-flowered. 
lD. Stem leaves united into a cup ..................... 7. C. perfoliata 
2D. Stem leaves not united. 
lE. Sepals 5-6 mm. long ........ .......... ., ......... 3. C. arctica 
2E. Sepals 3-4 mm. long. 
lF. Petals 6-9 mm. long ........................... 4. C. sibirica 
2F. Petals 10-15 mm. long ......................... 5. C. sarmentosa 
2B. Stems leafy, plants with stolons. 
lC. Leaves oblanceolate. . ......... . . . . . . . . . . .. ... ... .. . 8. C. chamissoi 
2C. Leaves not oblanceolate, small. ' 
lD. Petals 7-8 mm. long ............... .. .............. 9. C. parvifolia 
2D. Petals 12-15 mm. long ............................. 10. C. flagellaris 
1. C. tuberosa Pall. Tuberous Spring Beauty 
Stems usually 1, occasionally more, 8-18 cm. tall, arising from a sub-
terranean corm 1-2 cm. in diameter; basal leaves 1-few, arising directly 
from the corm, lanceolate to linear-lanceolate; stem leaves similar but 
sessile, 2-5 cm. long, 2-5 mm. wide; racemes 2-7-flowered; sepals 5-7 
mm. long, obtuse; petals white, 9-12 mm. long; seeds black, orbicular, 
2-2.5 mm. long. 
Eastern Asia-Yukon. Fig. 414. 
2. C. acutifolia Pall. Bering Sea Spring Beauty 
Stems usually several, 5-15 cm. tall, arising directly from the thick 
fleshy root; basal leaves narrowly lanceolate to linear, arising directly 
from the crown of the root, stem leaves similar but smaller; racemes 2-5-
flowered; sepals 7-14 mm. long, petals usually white, rarely pink, 12-15 
mm. long; seed rounded-oval, nearly 3 mm. in diameter. Our Alaskan 
form has narrower leaves and bracts than the type and has been de-
scribed as ssp. graminifolia Hult. 
Eastern Asia-central Alaska. Fig. 415. 
3. C. arctica Adams. Arctic Spring Beauty 
Root somewhat fleshy; stems several, 6-15 cm. tall; basal leaves 3-7 
cm. long, the blade spatulate, up to 1 cm. or more wide, decurrent on the 
petiole; stem leaves sessile, ovate, 1 cm. or more long; racemes 3-7-flow-
ered; sepals somewhat unequal, 5-6 mm. long; petals white, 10-12 mm. 
long. 
Siberia and the Aleutian Islands. Fig. 416. 
4. C. sibirica L. 
C. alsinoides Sims. 
C. asarifolia Bong. 
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Montia sibirica (L.) Howell. 
Limnia sibirica (L.) Haw. 
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Siberian Spring Bea~ty 
Stems few. to many, ascending, 1-5 dm. tall; basal leaves long-
petioled, ovate, lanceolate, or orbicular-lanceolate, 6-60 mm. wide, the 
petioles dilated at the base; stem leaves typically broadly ovate; racemes 
usually elongated, often bearing a small leaf; flowers varying in color 
from white to rose; capsule about as long as the sepals. 
Common in the coastal districts, Commander Islands-Morit.-Utah-
Calif. Fig. 417. 
5. C. sarmentosa C. A. Mey. Alaska Spring Beauty 
Montia sarmentosa (C. A. Mey.) Robins. 
Limnia sarmentosa (C. A. Mey.) Rydb. 
Stems spreading or ascending, 5-15 cm. long; basal leaves ovate, 
oblanceolate, or spatulate, narrowed into a petiole, the whole 2-9 dm. 
long, 3-15 mm. wide; racemes 2-6-flowered; sepals orbicular, 3-4 mm. 
long and about as wide; petals various shades of pink or even white, 9-15 
mm. long; seeds black, about 2 mm. in diameter. 
Eastern Asia-Cape Lisburne-B. C. Fig. 418. 
6. C. scammaniana Hult. Scamman Spring Beauty 
Stems several, usually I-flowered, 4-9 cm. tall; basal leaves narrow, 
spatulate, 2-7 cm. long, 2-6 mm. wide; stem leaves ovate, less than 1 cm. 
long; sepals roundish-ovate, 4-7 mm. long; petals mostly bright rose, 
occasionally white, 10-15 mm. long. 
Central Alaska. Fig. 419. 
7. C. perfoliata Donn. Small-flowered Spring Beauty 
C. parviflora Dougl. 
Montia parviflora (Dougl.) Howell. 
Limnia pa,rviflora (Dougl.) Rydb. 
Annual; stems several, 5-30 cm. tall; basal leaves variable; stem 
leaves connate, forming a suborbicular disk 1-3 cm. wide; sepals less than 
2.5 mm. long; petals white or pink, less than 5 mm. long; seed 1 mm. or 
more long. 
Introduced at Unalaska, B. C.-Ida.-Lower Calif. Fig. 420. 
8. C. chamissoi Esch. Toad-lily 
Montia chamissonis (Esch.) Greene. 
Crunocallis chamissonis (Esch.) Rydb. 
Stems slender and weak but usually ascending, 6-30 cm. long, pro-
ducing long filiform stolons; leaves opposite, oblanceolate, narrowed into 
a short petiole or sessile, 2-5 cm. long; flowers in axillary or terminal, 
1-9-flowered racemes; sepals about 2 mm. long; petals white or pinkish, 
6-10 mm. long. 
Aleutian Islands-central Alaska-Man.-Iowa-Calif. Fig. 421. 
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9. C. parvifolia Moc. Small-leaved Spring Beauty 
' Montia parvifolia (Moc.) Greene. 
N aiocrene parvif olia (Moc.) Ry db. 
Perennial; stem weak, spreading or decumbent, 5-20' cm. long; leaves 
thick, crowded on the caudex and alternate on the stem and stolons, the 
basal with petioles up to 25 mm. long, those of the stem shorter and 
reduced in size, sometimes to mere bracts; flowers in few-flowered 
racemes; sepals roundish, 2-3 mm. long; petals pink. 
Southeastern Alaska-Mont.-Calif. 
10. C. flagellaris Bong. Long-branched Spring Beauty 
Montia flagellaris (Bong.) Robins. 
Naiocrene flagellaris (Bong.) Heller. 
Similar to C. parvifolia; rootstock more elongated, horizontal; flagel-
liform branches 2-4 dm. long, some of them flower-bearing at the end; 
leaves orbicular or broadly ovate; petals 11-14 cm. long. 
Along the coast, southeastern Alaska-Ore. Fig. 422. 
2. MONTIA (Micheli) L. 
Small annual, glabrous herbs growing in water or wet situations; 
leaves opposite, fleshy, narrow; flowers minute, nodding, solitary or in 
short racemes; ovary 3-ovuled; styles 3, united below; seeds 1-3, com-
pressed, suborbicular. (Guiseppe Monti was an Italian botanist.) 
Ripe seed dark brown, reticulate-furrowed, shining, about 
1.5 mm. long .. . . ... . ........... . . .. ...... . ...... . .. . .. . . 1. M. lamprosperma 
Ripe seed black, smaller, muricate-tuberculate ... . . ... .... .. 2. M. hallii 
1. M. lamprosperma Cham. Blinks. Water Chickweed 
M. fontana Auct. 
Stems slender, much branched, not rooting at the nodes, seldom more 
than 8 cm. long when growing on soil but up to 25 cm. long when in 
water; leaves 1-2 cm. long, the lower petioled, the upper sessile, submerged 
leaves rather thin; flowers axillary or in small terminal racemes; sepals 
broad, about 1.5 mm. long. 
Widely distributed in our territory, circumboreal. Fig. 423. 
2. M. hallii (Gray) Greene. 
Stems slender, branched, 5-15 cm. long, often rooting at the nodes; 
lower leaves petioled, spatulate, 5-10 mm. long, the petioles dilated at the 
base; middle and upper leaves sessile; racemes axillary and terminal, 
3-10-flowered; sepals reniform, 1 mm. long; capsule slightly exceeding 
the sepals. 
Kamchatka-Fri by lof Islands-Nev .-Calif. 
10. CARYOPHYLLACEAE (Pink Family) 
Herbs, often with swollen nodes; leaves opposite, entire; flowers 
regular, usually perfect; sepals 4-5; petals of same number or wanting; 
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stamens twice the number of sepals or less; carpels 2-5, united into a 
1-celled ovary with central or basal placenta; styles 2-5; fruit in ours a 
capsule opening by teeth or valves. 
Sepals distinct .. . ........ ... · ..... .. ............ ............. Subfamily Alsineae 
Sepals united. . ................................... . ......... Subfamily Sileneae 
Subfamily Alsineae 
lA. Capsule cylindric. . .................................... 1. CC?rastiitm 
2A. Capsule ovoid or globose. 
lB. Stipules present, scarious. 
lC. Styles and capsule valves 5 . ... . .......... ... . .... .. 5. Spergula 
2C. Styles and capsule valves 3 ......................... 6. Spergularia 
2B. Stipules wanting. 
lC. Petals deeply 2-cleft or none .. ...... .. ..... ....... .. 2. Stellaria 
2C. Petals entire or emarginate. 
lD. Styles as many as the sepals and alternate with , 
them. . .... ........................... . · . . . . . . . . 4. Sagina 
2D. Styles fewer than the sepals ...................... 3. Arena'ria 
Subfamily Sileneae 
lA. Styles 5 ................................................ 9. Lychnis 
2A. Styles 3 ................................................ 7. Silene 
3A. Styles 2. 
lB. Calyx 5-nerved ......... . ............................. 10. Saponaria 
2B. Calyx many-nerved . ................................. 8. Dianthus 
1. CERASTIUM L. 
Pubescent, often viscid annuals or perennials; leaves opposite; flowers 
in terminal dichotomous cymes; sepals usually 5; petals white, 2-cleft; 
stamens usually 10; styles usually 5; capsule cylindric, often curved, 
opening by usually 10 tooth-like valves; seeds rough. (Greek, horn, refer-
ring to the capsules.) 
lA. Plant annual . . ......................................... 3. C. glomeratum 
2A. Plant perennial. 
lB. Stem simple, erect ....... . ............................ 1. C. maximum 
2B. Plants more or less caespitose. 
lC. Petals about same length as the sepals ... ............ 4. C. caespitosum 
2C. Petals markedly longer than the sepals. 
lD. Plants with sterile shoots in the axils of the upper 
leaves. . . ............... . .... ..... ............ 2. C. arvense 
2D. Plants without sterile shoots in the axils. 
lE. Petals 6-9 mm. long. 
lF. Leaves viscid-puberulent. . ............... . ... 5. C. beeringianum 
2F. Leaves glabrescent with ciliate margins ....... 6. C. aleuticum 
2E. Petals 9-14 mm. long. · 
lF. Low growing, densely caespitose .............. 8. C. arcticum 
2F. Taller, loosely caespitose ...................... 7. C. fischerianum 
1. C. maximum L. Great Chickweed 
Stems simple, erect, finely puberulent, up to 6 dm. tall; leaves lanceo-
late to linear-lanceolate, long-acuminate, 5-10 cm. long, 4-12 mm. wide; 
inflorescence 1-5-flowered; sepals 8-10 mm. long; petals up to 2 cm. long; 
capsule 16-20 mm. long, 5-8 mm. wide, the teeth recurved; seeds flat, 
2 mm. wide. 
Woods, Yukon valley, Arctic coast and northern Eurasia. Fig. 424. 
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2. C. arvense L. Field Chickweed 
Stems caespitose, glandular-pubescent, 1-3 dm. tall; leaves narrowly 
lanceolate or oblanceolate, acute, 1-3 cm. long, 1-4 mm. wide, those at 
the base of the cyme shorter and wider; sepals 5-7 mm. long, petals about 
1 cm. long, capsule scarcely exce€<ling the calyx. 
Rocky places, circumbo;real. Fig. 425. 
3. C. glomeratum Thuill. Mouse-ear Chickweed 
C. viscosum auct. 
Stems tufted, viscid-pubescent, 1-3 dm. tall; leaves ovate to obovate, 
obtuse but often mucronate, 8-22 mm. long, 5-14 mm. wide; flowers 
usually more or less congested; sepals acute, about 4 mm. long; petals 
shorter than the sepals; capsule 6-8 mm. long, slender, on a short pedicel. 
An introduced weed, native of Europe. Fig. 426. 
4. C. caespitosum Gilib. Larger Mouse-ear Chickweed 
C. vulgatum au ct. 
Stems viscid-pubescent, 1-4 dm. tall, leaves oblong, the upper be-
coming more or less lanceolate, obtuse, 1-3 cm. long; 3-8 mm. wide, 
villous; cymes leafy-bracted; sepals scarious-margined, often suffused with 
purple, 5-6 mm. long, about equaling the petals; capsule about 1 cm. long, 
slightly curved; pedicels 6-12 mm. long. 
An introduced weed, native of Europe. Fig. 427. 
5. C. beeringianum C. & S. Beering Chickweed 
Stems densely or loosely matted, spreading or ascending, glandular-
pilose, 4-20 cm. long; leaves sometimes acute but mostly obtuse, 5-25 
mm. long, more or lesa viscid-puberulent; cymes 1-4-fl.owered; sepals 
3.5-8 mm. long, broadly lanceolate to oblong-ovate, the inner scarious-
margined; capsules 8-12 mm. long. 
Our commonest Cerastium, circumboreal. Fig. 428. 
6. C. aleuticum Hult. Aleutian Chickweed 
About 5 cm. tall; leaves elliptic-lanceolate to obtuse-lanceolate, glab-
rous or with a few hairs on the surfaces, the margins strongly ciliate; 
sepals lanceolate, acute, pubescent, the margins scarious, 5-7 mm. long; 
petals about 9 mm. long. May be only a high alpine race of C. beeringi-
anum. 
Aleutian and Pribylof Islands. 
7. C. fischerianum Ser. Fischer Chickweed 
Loosely matted; stems spr~ading or ascending, glandular-hispid, 
densely retrorsely hirsute below the nodes, 7-40 cm. long, the upper nodes 
usually elongated ; leaves thick, lanceolate or ovate to lance-linear, usually 
acute, pilose on both surfaces, 1-4 cm. long, 3-16 mm. wide; cymes 3-27-
fl.owered; sepals 4.5-9 mm. long, the margins hyaline, lanceolate to oblong, 
acute or acuminate. 
Eastern Asia and Alaska. Fig. 429. 
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8. C. arcticum Lange. Arctic Chickweed 
Plant densely tufted, stems viscid, pilose, 3-20 cm. long; leaves oval 
or elliptical, acute or obtuse, pilose, 5-25 mm. long; cymes 1-3-flowered; 
sepals ovate or ovate-lanceolate, scarious-margined, 4-8 mm. long; cap-
sules 1.5-2 times as long as the sepals. 
Eastern arctic Asia--Greenl.-northern Scandinavia. 
2. STELLARIA L. 
Tufted, weak, erect or spreading, annual or perennial herbs; leaves 
opposite; flowers usually in open cymes, sometimes solitary and axillary; 
sepals usually 5, rarely 4; petals white, deeply 2-cleft, or wanting; stamens 
10 or fewer; styles 3, rarely 4 or 5; capsule globose to oblong, opening by 
twice as many valves as there are styles. (Latin, star, with reference to 
the star-shaped flower.) 
lA. Flowers in the axis of scarious bracts or scarious-margined leaves. 
IB. Leaves linear-lanceolate, stems scabrous .... ........ .. 5. S . Zongifolia 
2B. Leaves broader, stems smooth. 
lC. Sepals pubescent on back or ciliate on the margin. . . 6. S. laeta 
2C. Sepals glabrous or essentially so. 
ID. Sepals 5 mm. or more long . . . ... ...... ... .. ....... 2. S. alaskana 
2D. Sepals 3-4 mm. long . . . . ....... . . .... . . ............ 7. S. longipes 
2A. Flowers in the axils of green, not scarious-margined leaves. 
lB. Lower leaves long-petioled .... . ...................... 1. S. media 
2B. All leaves sessile. 
lC. Leaves lustrous, carinate .. : . .............. . . ... ..... 6. S . laeta 
2C. Leaves not lustrous, flat. 
lD. Leaves ovate or ovate-lanceolate. 
IE. Leaves thin with translucent margins . . .... .. .. . 4. S. crispa 
2E. Leaves thick, coriaceous, glaucous ...... ... ..... 3. S. ruscifolia 
2D. Leaves narrower. 
IE. Flowers axillary. 
IF. Sepals as long as the capsule . ......... . ..... . . 8. S. hu.mifusa 
2F. Sepals shorter than the capsule ....... .. ....... 9. S. crassifolia 
2E. Flowers in terminal cymes. 
lF. Sepals 2-3 mm. long ........... .. ............ . IO. S. calycan tha 
2F. Sepals 3-4 mm. long ....... . . ... . . . . .... ...... Il. S. sitchana 
1. S. media (L.) Cyril. Common Chickweed 
Alsine media L. 
A diffusely branching, decumbent or procumbent annual often root-
ing at the nodes; lower leaves cordate to ovate and petioled, 10-35 mm. 
long; upper leaves oval or ovate, becoming sessile at the inflorescence; 
inflorescence pubescent; sepals oblong-lanceolate, glandular-pubescent, 
about 5 mm. long; petals shorter than the sepals; capsule scarcely longer 
than the sepals. 
Our most persistent weed, probably introduced, native of Europe. 
Fig. 430. 
2. S. alaskana Hult. Alaska Starwort 
Loosely tufted, glabrous and glaucous, 4-12 cm. tall; leaves crowded 
on the lower part of stem, lanceolate, acute or acumiriate, 8-18 mm. long, 
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3-7 mm. wid~; flowers 1or2; sepals narrowly triangular-lanceolate, promi-
nently 3-nerved, acute, scarious-margined, 7-9 mm. long; petals scarcely 
equaling the sepals; capsule about as long as the sepals. 
Central Alaska-Yukon-southeastern Alaska. Fig. 431. 
3. S . ruscifolia Pall. ssp. aleutica Hult.. Ruscus-leaved Starwort 
Stems loosely tufted, leafy, glaucous, 6-15 cm. tall; leaves lanceolate 
or ovate-lanceolate, acute, up to 18 mm. long; flowers long-peduncled, 
solitary, axillary but appearing terminal; sepals triangular-lanceolate, 
acute, scarious-margined, 5-7 mm. long; petals longer than the sepals, 
cleft. half way. 
Aleutians-Wiseman-southeastern Alaska, main species in eastern 
Asia. Fig. 432. 
4. S. crispa C. & S. Crisp Starwort 
Alsine crispa (C. & S.) Holz. 
Stems weak and decumbent, 1-4 dm. long; leaves ovate, acumi-
nate, with crisp margins, 5-18 mm, long, nearly half as wide; flowers 
axillary; sepals lanceolate, acute, 3-nerved and with wide, scarious mar-
gins; petals minute or none; capsule longer than the calyx; seed brown, 
nearly smooth. 
Woods, Aleutians-Wyo.-northern California. Fig. 433. 
5. S. longifolia Muhl. Long-leaved Starwort 
Alsine longifolia (Muhl.) Britt. 
Erect or ascending and diffusely branched, glabrous, the stem sharply 
4-angled, 2-5 dm. long; leaves linear, sometimes ciliate near the base, 
2-5 cm. long, 2-4 mm. wide, acute at both ends; inflorescence spreading; 
sepals lanceolate, acute about 3 mm. long, 3-nerved; petals slightly longer 
than the sepals; capsule exceeding the calyx. 
Circumboreal. Fig. 434. 
6. S. laeta Rich. Shining Starwort 
S. ciliatosepala Trautv. 
S. laxmanni Fisch. 
S. monantha Hult. 
Alsine laeta (Rich.) Rydb. 
Stems tufted, very leafy, 5-15 cm. tall; leaves lanceolate, sometimes 
glaucous, 8-18 mm. long, 2-4 mm. wide; flowers 1-few on rather long, 
erect peduncles; sepals lanceolate, about 4 mm. long; petals about 5 mm. 
long; capsule longer than the sepals. This group is very variable and 
several forms have been described as species. Perhaps these forms should 
be regarded as varieties. 
Alpine and rocky places, probably circumboreal. Fig. 435. 
7. S. longipes Goldie. Long-stalked Starwort 
Alsine longipes (Goldie) Cov. 
Stems tufted, erect or ascending, simple or sparingly branched, 4-
angled, 1-4 dm. tall'; leaves linear-lanceolate, attenuate, rather firm and 
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shining, 1-3 cm. long; flowers few to many in a terminal cyme; sepals 
3-4 mm. long with scarious margins; petals exceeding the sepals; cap-
sules about 5 mm. long, black and shining. 
Circumboreal. Fig. 436. 
8. S. humifusa Rottb. Low Chickweed 
Alsine humifusa Britt. 
More or less fleshy; stems spreading or ascending, 5-25 cm. long; 
leaves ovate or oblong, 5-20 mm. long; flowers 1-few, axillary or terminal; 
sepals ovate-lanceolate, 4-5 mm. long; petals equaling or exceeding the 
sepals; capsule about as long as the sepals; seeds smooth. 
Beaches, circumpolar. Fig. 437. 
!}. S. crassifolia Ehrh. Fleshy Starwort 
Alsine crassifolia (Ehrh.) Britt. 
Stems weak, slender, diffuse, often growing in water, 5-25 cm. long; 
.leaves small, 4-15 mm. long, 1.5-3 mm. wide; cymes terminal, few-flowered, 
or the flowers axillary and solitary; peduncles slender, sepals ovate-lanceo-
late, acuminate, exceeded by the petals and the capsule. 
Widely distributed in our area, circumpolar. Fig. 438. 
10. S. calycantha Bong. 
Alsine calycantha (Bong.) Rydb. 
Stems tufted, weak, 10-25 cm. tall; leaves ovate-lanceolate to linear-
lanceolate, ciliolate at least in part, 5-25 mm. long, 2-6 mm. wide; cyme 
terminal, few-many-flowered; sepals lanceolate, acute, about 3 mm. long, 
longer than the petals, somewhat shorter than the capsule. Ssp. interior 
Hult. has roughened stem ~nd smaller flowers, the sepals being about 
1 mm. long. 
The typical form occurs in the coastal districts, the ssp. in th_e interior 
of our area, circumboreal. Fig. 439. 
11. S. sitchana Steud. Sitka Starwort 
S. borealis auct. in part. 
Stems erect or as<!ending, sometimes weak and diffuse, 1-5 dm. long; 
leaves lanceolate or lance-linear, 1-5 cm. long, 3-8 mm. wide, often 
ciliolate at the base; cymes many-flowered; pedicels often reflexed in 
fruit; sepals ovate-lanceolate, acute, 4-5 mm. long, longer than the petals 
and about two-thirds as long as the capsule. Var. bongardiana (Fern.) 
Hult. has but few flowers which are axillary or terminal, the upper leaves 
but little reduced. 
Wet soil, eastern Asia-Ida.-Calif. and in eastern America. ]fig. 440. 
3. ARENARIA L. 
Annual or more often perennial herbs; stems usually tufted, erect or 
decumbent; leaves sessile, opposite or fascicled; flowers solitary in the 
axils or borne in cymes; sepals usually 5; petals 5, white, entire or slightly 
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notched, or none; stamens 10, styles usually 3, many-ovuled. (Latin, 
sand, in allusion to the habitat of some of the species.) 
IA. Leaves ovate, elliptical or lanceolate. 
IB. Leaves thin. 
IC. Plants 5-I5 cm. tall. . .. . . ......... . . ..... ... . .. . ... . 3. A. Zateriflora 
2C. Plants 2-6 cm. tall .. . . . .. ... .... . .. ........ .. . ...... 4. A. humifusa 
2B. Leaves thick. 
IC. Fleshy seashore plant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. A . peploides 
2C. Leaves less fleshy . 
ID. Flowers axillary ....... .................. . ........ 2. A. physodes 
2D. Flowers terminal. ............................. . . . 5. A. dicranoides 
2A. Leaves very narrow. 
IB. Capsule opening with 6 teeth. . . . . . . . . . . . . . . . . . . . . . . . . 6. A. capillaris 
2B. Capsule opening with 3 teeth. 
IC. Stem and leaves glabrous. 
ID. Inflorescence I-flowered .......................... 7. A. rossii 
2D. Inflorescence branched ..... . ..... . .... . ... . . .. ... 8. A. stricta 
2C. Stems pubescent. 
ID. Sepals acute. . . . ...... . . . . ........................ 9. A. rubella 
2D. Sepals obtuse. 
IE. Leaves very acute ... ...... .. ..... ........ .. ..... 10. A. lariCifolia 
2E. Leaves obtuse. · 
IF. Leaves 3-nerved .............................. I4. A . macrocarpa 
2F. Leaves I-nerved. 
IG. Seed smooth ................................ Il. A. biflora 
2G. Seed tuberculate. 
Sepals 3-4 mm. long .......................... I2. A. obtusiloba 
Sepals 5-8 mm. long. . .................. . ..... I3. A. arctica 
l. A. peploides L. 
Ammodenia peploides (L.) Rupr. 
Honckenya peploides (L.) Ehrh. 
Sea-beach Sandwort 
Stems glabrous, 1-6 dm. long, often much branched; leaves oblong 
to ovate, acute, clasping, 12-50 mm. long; flowers axillary or terminal; 
peduncles stout; sepals ovate, acute, 4-5 mm. long; petals greenish, about 
equaling the sepals; ovary 3-5-celled; capsule subglobose; seed smooth, 
obovoid. This species is represented in our area by two variants. The 
Pacific coast form is ssp. major (Hook.) Bult. w~ich has longer stems, 
relatively narrower leaves and often several-flowered cymes as com-
pared to the Arctic-Bering Sea form which is ssp. latifolia (Fenzl) 
Maguire. 
The full species is circumpolar. Fig. 441. 
2. A . physodes Fisch. Merckia 
Merckia physodes (Fisch.) Fisch. 
Stems trailing or decumbent, 1-3 dm. long, glandular-pubescent; 
leaves glabrous or nearly so, oval or ovate, 6-18 mm. long; sepals ovate, 
acute, 5-6 mm. long; petals white, about as long as the sepals; capsule 
3-6-celled, about 6 mm. high and up to 1 cm. broad. 
Wet places, mouth of Lena R.-northern Kamchatka-Mackenzie 
R. Fig. 442. 
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3. A. lateriflora L. Blunt-leaved Sandwort 
Moehringia lateriflora (L.) Fenzl. 
Stem slender, minutely pubescent, decumbent at base or ascending, 
8-20 cm. tall; leaves oblong to ovate, obtuse or rounded at apex, ciliolate 
on margins and ribs beneath, 1-3 cm. long, 3-10 mm. :wide; cymes 1-6-
flowered; sepals ovate, 2-3 mm. long; petals obovate, 4-6 mm. long; 
capsule about 5 mm. long; seeds dark, appendaged. 
A widely distributed circumboreal species. Fig. 443. 
4. A. humifusa Wahl. Low Sandwort 
Stems loosely to densely tufted, 2-8 cm. tall; leaves lanceolate or 
oblanceolate, papillose, 3-7 mm. long; flowers solitary, terminal, on 
puberulent peduncles 1-3 cm. long; sepals about 3.5 mm. long, exceeded 
by the capsule; seed brown, scarcely 1 mm. long. 
Seward Penin.-northern Finland. Fig. 444. 
5. A. dicranoides (C. & S.) Hult. 
Cherleria dicranoides C. & S. 
Stellaria dicranoides (C. & S.) Seem. 
Matted Sandwort 
Stems glabrous, densely caespitose, forming small mats and only 
1 or 2 cm. high; leaves imbricated, oblanceolate or obovate, 3-7 mm. 
long, 1-2 mm. wide, the old ones persisting; flowers solitary, terminal; 
peduncles 1-7 mm. long; sepals 2.5-4 mm. long; petals none; stamens 
borne on a prominent lobed disc; capsule nearly as long as the sepals; 
seed fully 1 mm. long, brown. 
Arctic-alpine, St. Lawrence Bay, Siberia-central Alaska. Fig. 445. 
6. A. capillaris Poir. Beautiful Sandwort 
Caespitose, glabrous, branches of the caudex decumbent; stems 
usually erect, 8-20 cm. tall; leaves filiform with subulate tip, 2-7 cm. 
long, minutely ciliolate; cymes few-flowered; sepals 3.5-7 mm. long with 
scarious or colored margins and strong midvein; petals longer than the 
sepals; capsule as long as or longer than the sepals; seed black, about 
1 mm. long. 
Central Asia-Yukon-?. Fig. 446. 
7. A. elegans C. & S. Ross Sandwort 
A. rossii R. Br. 
Minuartia elegans (C. & S.) Schischkin. 
Stems densely tufted, 2-6 cm. tall, glabrous or nearly so; leaves 
linear, fleshy, 4-8 mm. long, 1-nerved; flowers usually solitary on rather 
long peduncles; sepals· about 3 mm. long; petals and capsule about as long 
as the sepals; seed brown. . 
Seward Penin.-Greenl.-Spitzbergen-Colo.-Ore. Fig. 447. 
8. A. stricta (Sw.) fvrichx. Rock Sandwort 
A. dawsonensis Britt. 
Minuartia strieta (Sw.) Hiern. 
Stems slender, much branched from the base, 1-3 dm. tall; .leaves 
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filiform or linear-subulate, 8-20 mm. long; cymes spreading; bracts lanceo-
late or subulate; sepals acute, 3-nerved, 3-4 mm. long; petals nearly as 
long as the sepals; capsule exceeding the sepals; seed dark brown, about 
0.6 mm. long. 
Circumpolar .. Fig. 448. 
9. A. rubella (Wahl.) Sm. 
Minuartia rubella (Wahl.) Graebn. 
Glandular-puberulent, branched from the base and spreading, 4-15 
cm. tall; leaves linear-subulate, ascending, 3-nerved, 5-10 mm. lo.ng, 
less than 1 mm. wide; sepals lanceolate, acute, 3-nerved, scarcely 3 mm. 
long; petals about as long as the sepals; capsule slightly longer than the 
sepals; seed brownish-black. 
Circumpolar. Fig. 449. 
10. A. laricifolia (L.) Gray. Larch-leaved Sandwort 
Minuartia laricifolia (L.) Schinz & Thell. 
Alsinopsis laricif olia (L.) Heller. 
Stems tufted, decumbent below, erect or ascending above, 8-18· cm. 
tall; leaves linear-filiform, ciliolate or glabrous, up to 15 mm. long; 
cymes 1-4 flowered; sepals oblong, 3-nerved, puberulent, 5-7 mm. long; 
petals about 1 cm. long; capsule slightly exceeding the calyx. 
Western and central Alaska-Yukon-Ida.-Mont.-Wash. and cen-
tral Europe. Fig. 450. 
11. A. biflord (L.) W ats. Two-flowered Sandwort 
Minuartia biflora (L.) Schinz & Thell. 
Caespitose, 5-12 cm. tall; leaves fiat, linear, 4-8 mm. long; sepals 
3-nerved, about 4 mm. long; petals about same length as sepals; capsule 
exceeding the calyx. 
Rare in our area, probably circumboreal. 
12. A. obtusifolia (Rydb.) Fern. Alpine Sandwort 
Alsinopsis obtusifolia Rydb. 
Minuartia obtusifolia (Rydb.) House. 
Densely caespitose, the lower part of stem clothed with old leaves, 
1-6 cm. tall; leaves imbricate, linear, 4-8 mm. long, rather rigid, ciliolate 
on the margins; flowers usually solitary; sepals glandular-pubescent, 
3-nerved, 3-4 mm. long; petals and capsules longer than the sepals. 
Northern and central Alaska-Yukon-Alta.-Utah-N. Mex. 
13. A. arctica Stev. Arctic Sandwort 
Minuartia arctica (Stev.) Ascher. & Graebn. 
Loosely to densely caespitose, 2-10 cm. tall; leaves linear, glabrous, 
the margins entire; flowers solitary; sepals obtuse, .µubescent, 5-8 mm. 
long; petals 7-10 mm. long; capsule 8-10 mm. long. A very variable 
species, probably hybridizing with the next and other species. 
Arctic-alpine, common in western Alaska, less so eastward to Yukon. 
Fig. 451. 
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14. A. macrocar;pa Pursh. Long-podded Sandwort 
Minuartia macrocarpa (Pursh.) Ostenf. 
More or less caespitose, 2-10 cm. tall; leaves linear, obtuse, with 
ciliate margins, 5-12 mm. long; flowers usually solitary; sepals 5-7 mm. 
long; petals 8-11 mm. long; capsules 10-15 mm. long, seed with long 
spines or tubercles. 
Arctic-alpine, Nova Zemla-Siberia-Alaska. Fig.· 452. 
4. SAGINA L. 
Low tufted or matted herbs; leaves opposite, filiform or subulate; 
flowers small, whitish, on more or less elongated pedicels; sepals 4 or 5, 
persistent; petals 4 or 5 or wanting; stamens as many as the sepals, fewer 
or twice as many; styles as many as the sepals; capsules dehiscent to the 
base, the valves opposite the sepals. (Ancient name of the spurry.) 
lA. Annual, without basal rosettes ...................... . ... 1. S. occidentalis 
2A. Perennials, with basal rosette of leaves. 
lB. Pedicel and calyx glandular ........................... 2. S. litoralis 
2B. Pedicels and calyx glabrous. 
lC. Branches rooting at the nodes ................. . ..... 3. S. linnaei 
2C. Caespitose, not rooting at the nodes. 
lD. Calyx 1.5-2 mm. long ...... ......... ...... . ....... 4. S. intermedia 
2D. Calyx about 3 mm. long ... . .. ..... ......... ...... 5. S . crassicau.lis 
1. S. occidentalis Wats. Western Pearlwort 
Stems slender, more or less branched, decumbent or ascending, 3-10 
cm. tall; leaves linear, acute; calyx rounded at the base, the sepals about 
2 mm. long; petals when present shorter than the sepals; capsules about 
3 mm. long. 
Occasionally found introduced, native B . C.-Calif. 
2. S. Litoralis Hult. Beach Pearlwort 
Stems branched from the base, 5-10 cm. long; leaves glabrous, the 
basal filiform, about 15 mm. long; stem leaves subulate, 4-6 mm. long; 
peduncles 15-20 mm. long; sepals elliptic-ovate; petals shorter than the 
sepals; capsule acute, exceeding the sepals; seed with low papillae, about 
0.6 mm. long. 
Eastern Asia-southeastern Alaska. 
3. S. linnaei Presl. Arctic Pearlwort 
S. saginoides (L.) Britt. 
Stems decumbent, tufted, glabrous, 3-10 cm. long; leaves subulate, 
5-15 mm. long; flowers usually solitary at the end of the stems; sepals 
oval, obtuse, 1.5-2 mm. long; petals scarcely as long as the sepals; cap-
sules 3 mm. long; seed about 0.3 mm. long. 
Circumboreal. Fig. 453. 
4. S. intermedia Fenzl. Snow Pearlwort 
S . nivalis auct. 
Stems densely caespitose, 1-5 cm. tall, 1-3-flowered; leaves crowded, 
subulate, 3-8 mm. long; sepals oval, rounded at the tip, purple-edged, 
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scarcely 2 mm. long; petals short and narrow; capsules about 3 mm. long 
on pedicels 3-10 mm. long; seed about 0.5 mm. long. 
Circumpolar. Fig. 454. 
5. S. crassicaulis Wats. Fleshy Pearlwort 
Stems caespitose, glabrous, somewhat fleshy, branching, 3-10 cm. 
long; basal leav~s linear, 1-2 cm. long; stem leaves shorter, connate; 
peduncles 1-4 cm. long; sepals oval; petals scarcely equaling the sepals; 
capsules about 4 mm. long; seed about 0.4 mm. long. 
Along the coast, eastern Asia-Calif. Fig. 455. 
5. SPERGULA L. 
Annual branching herbs; leaves subulate or filiform, succulent, borne 
in whorls; flowers small, white , in terminal cymes; sepals, petals, styles 
and valves of the capsule each 5; stamens 5 or 10; seed compressed, nar-
rowly winged. (Latin, to scatter.) 
Spergula arvensis L. Spurry 
Slender, sparingly pubescent, 15-50 cm. tall; leaves linear-filiform, 
2-5 cm. long; cymes loose, many-flowered; pedicels reflexed in fruit ; 
sepals 3-4 mm. long; petals slightly exceeding the sepals; capsule ovoid, 
longer than the sepals; seed black. 
An introduced weed, native of Europe. Fig. 456. 
6. SPERGULARIA Pres! 
Low herbs; leaves somewhat succulent with scarious stipules and sec-
ondary leaves fascicled in their axils; sepals 5; petals 5, fewer or none; 
stamens 2-10; styles 3, capsule 3-valved. (Diminutive of Spergula.) 
Seeds winged . . ........................... . ... .. .. . ..... . ... 1. S. canadensis 
Seeds not winged . ....... .. .. .. .... . . . ... . .. . ...... .. .. . .... 2. S . rubra 
1. S . canadensis (Pers.) G. Don. Canadian Sand Spurry 
Tissa canadensis (Pers.) Britt. 
Stems erect, spreading or decumbent, more or less pubescent, at least 
above, about 1 dm. tall; leaves linear-filiform, 1-4 cm. long; sepals ovate, 
2.5-3.5 mm. long; petals pink or white, shorter than the sepals; capsule 
exceeding the calyx, more or less deflexed; seed brown, 1-1.4 mm. long, 
surrounded by an erose, membranous wing varying from a mere ridge 
to 0.5 mm. wide. 
Sea beaches, Kodiak Isl.-Queen Charlotte Isls. and Labr.-N. Y. 
Fig. 457. 
2. S . rubra (L.) Presl. Purple Sand Spurry 
Tissa rubra (L.) Britt. 
Stems prostrate or decumbent, often forming dense mats, 6-25 cm. 
long; leaves linear, flat , fascicled , 6-12 mm. long; sepals acute, about 4 mm. 
long; petals bright pink, scarcely as long as the sepals; capsule sometimes 
exceeding the calyx; seed dark brown, sculptured, about 0.5 mm. long. 
Introduced, native <;>f Eurasia. 
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7. SILENE L. 
Herbs with perfect flowers in terminal cymes or solitary; calyx with 
or more or less inflated tube, 10- or more-nerved; petals 5, in ours pink 
or white, with an appendaged crown, usually notched or cleft; stamens 10; 
styles usually 3; ovary sometimes incompletely 2-4-celled; capsule often 
stipitate, opening by usually 6 valves; seed tuberculate · or echinate. 
(Greek, saliva, in allusion to the viscid secretion of some species.) 
lA. Dwarf matted alpine perennial. ................. . ..... . 1. S. acaulis 
2A. Taller plants. 
lB. Introduced annual weed .. ..... . .. .................... 5. S. noctiflora 
2B. Native perennials. 
lC. Calyx rose colored . . ... . ..... . ...... . .. ... .. .. ... . . 2. S. repens 
2C. Calyx green. 
lD. Calyx 8-12 mm. long . ....... ... .. ... .. . ........ .. 4. S. williamsii 
2D. Calyx 5-7 mm. long .............................. 3. 'S. menziesii 
1. S. acaulis L. Moss Campion. Moss Pink 
Stems very densely caespitose in moss-like cushions; leaves crowded, 
linear, 5-15 mm. long, the margins glandular-ciliolate; flowers solitary at 
the end of the branches, pink or purplish, on short peduncles; calyx 5-6 
mm. long; petals emarginate or 2-lobed. 
Rocky places, circumboreal. Fig. 458. 
2. S. repens Patin. Pink Campion 
Stems several, leafy, puberulent, more or less decumbent at the base, 
10-25 cm. tall; leaves linear-lanceolate, finely pubescent to nearly glab-
rous; the margins ciliolate, 2- 5 cm. long; calyx villous, 10-12 mm. long, 
the lobes rounded; petals rose-pink, much longer than the calyx, the 
blades bifid. 
Interior Alaska-Yukon-Mont. and northern Europe. Fig. 459. 
3. S. menziesii Hook. Menzies Campion 
Stems 1-4 dm. tall, usually much branched; leaves ovate-lanceolate, 
acute at both ends, more or less pubescent on both surfaces, 2-8 cm. long, 
5-25 mm. wide; inflorescence a leafy-bracted cyme, calyx campanulate, 
the lobes often purplish; petals white, a little longer than the calyx; seed 
black, shilling. 
Kenai Penin.-Yukon-Man.-N. Mex.-Calif. Fig. 460. 
4. · S . williamsii Britt. Williams Campion 
Glandular-pubescent throughout, leafy, 1-4 dm. tall ; leaves sessile, 
lanceolate to linear-lanceolate, 2-8 cm. long, 3-15 mm. wide; inflorescence 
dichotomous; petals white, forked, slightly or not at all exceeding the 
calyx; capsule as long as or slightly longer than the calyx; seed brown, 
tuberculate. 
Central Alaska-Mackenzie R. Fig. 461. 
5. S. noctiflora L. Night-flowering Catchfly 
A coarse, viscid-pubescent weed, 3-10 dm. tall; lowermost leaves 
obovate, narrowed in a petiole; upper leaves lanceolate and acute or 
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acuminate, sessile, 4-10 cm. long; calyx at flowering tubular, becoming 
inflated in fruit, 2- 3 cm. long with subulate teeth; petals white or pinkish, 
exceeding the calyx. 
Native of Europe. 
8. DIANTHUS L . 
Mainly perennial plants with narrow leaves and terminal, usually 
solitary flowers ; calyx tubular, 5-toothed, finely many-striate, with bracts 
at the base; petals 5, dentate or crenate, long-clawed; stamens 10; styles 
2; pod 4-valved, seed flattened. (Greek, the flower of Jove (Zeus).) 
D. repens Willd. Northern Pink 
Stems more or less decumbent, 5-15 cm. tall; leaves linear or linear-
lanceolate, 2-4 cm. long, connate at the base; calyx somewhat inflated, 
12-14 mm. long; petals pink or purplish, the spreading limb about 1 cm. 
long. 
Rocky places, northern Eurasia-central Alaska. 
9. LYCHNIS (Tourn.) L. 
Ours perennials; calyx ovoid, more or less inflated, 5-toothed, 10-
n~rved; petals in ours usually inconspicuous, with small crown and 2-cleft 
blades; stamens 10, styles usually 5; capsule opening by twice as many 
valves as there are styles. (Greek, lamp, in allusion to the flame-colored 
flowers of some species.) 
lA. Seeds 1.8 mm. or more in diameter. 
lB. Flowers 1, rarely 2, petals purplish. . . . . . . . . . . . . . . . . . . 1. L. apetala 
2B. Flowers 1- 3, petals pale rose ....... . ... ... ....... . ... 2. L. macrosperrna 
2A. Seeds less than 1.8 mm. in diameter. 
lB. Seeds small, wingless. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. L. dawsonii 
2B. Seeds more or less winged. 
lC. Plants 3-5 dm. tall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. L. taylorae 
2C. Plants 10-25 cm. tall. 
ID. Petals white. . ............. . ... .. .. . ... . .. . . .. .. . . 3. L. furcata 
2D. Petals reddish-violet. .......... . ... . .. . ... . .... .. . 4. L. soczavianum 
1. L. apetala L. Nodding Lychnis 
Melandrium apetalum (L.) Fenzl. 
Wahlbergella apetala (L.) Fries. 
Stems solitary or a few together, glandular-pubescent, at least above; 
flowers usually solitary, nodding but becoming erect in fruit; calyx ellip-
soid, much inflated, purple-veined, 12-15 mm. long with broad teeth; 
petals slightly longer than the calyx; seed brown with nearly circular 
wing, 1.8-2.4 mm. wide. 
Alpine-arctic, circumpolar. Fig. 462. 
2. L. macrosperma (Pors.) J . P. Anderson, n. comb. 
Large-seeded Lychnis 
Melandrium macrospermum A. E. Porslid in Rhodora 41 (1939) 
p. 225. 
Stems few, densely pubescent, conspicuously flexuous , 10-30 cm. tall; 
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base leaves numerous, oblanceolate; inflorescence of 1-3 flowers; calyx 
about 15 mm. long, 10 mm. wide; petals barely exserted; seed dark brown 
with thick wings. 
Bering Sea-Mt. McKinley Park. 
3. L. furcata (Raf.) Fern. Arctic Lychnis ' · 
L. affinis Am. auct. 
Melandrium furcatum (Raf.) Hult. 
Stems tufted, glandular-pubescent, 5-30 cm. tall; leaves linear or 
narrowly oblanceolate, up to 3 cm. long; calyx ellipsoid, 8-12 mm. long, 
inflated in fruit; petals white, exserted; seed tuberculate-striate with ir-
regular wings, 1-1.5 mm. wide. · 
Arctic-alpine, circumpolar. 
4. L. soczavianum (Schischk.) J. P. Anderson n. comb. 
Melandrium soczavianum Schischk. in Journ. Soc. Bot. Russe 16 
(1931) p. 83, et. fig. p. 84. 
Resembles L. furcata; stems caespitose, erect or ascending, 7-20 cm. 
tall, 1-3-flowered; flowers usually nodding; calyx 10-14 mm. long. 
Bering Sea region of Asia and Alaska. 
5. L. taylorae Robins. Taylor Lychnis 
Melandrium taylorae (Robins.) Tolm. 
More or less viscid-puberulent; basal leaves linear-oblanceolate, nar-
rowed into a margined petiole; stem leaves sessile and clasping, 3-8 cm. 
long; flowers long-peduncled; petals exserted; capsule 10-15 mm. long, 
seed as in L. furcata. 
Yenisei River-Mackenzie district. 
6. L. dawsonii (Robins.) J.P. Anderson, n. comb. Dawson Lychnis 
L. triflora R. Br. var. dawsonii Robins. in Pr9c. Amer. Acad. 28 (1893) 
p. 149. 
Melandrium dawsonii (Robins.) Hult. 
Stems 2-4 dm. tall; calyx scarcely inflated, about 1 cm. long, 5 mm. 
wide in fruit, densely pubescent; petals decidedly longer than the calyx; 
flowers axillary or glomerulate at the top. • 
Copper Center-Mackenz.ie district-B. C. 
10. SAPONARIA L. 
Caulescent herbs; leaves clasping, flowers slender-pedicelled in 
cymes; calyx inflated in fruit; stamens 10; styles 2; capsule 4-toothed. 
(Latin, soap, from the saponin in the stems.) 
S. vaccaria L. Cow Herb 
Vaccaria segetalis (Neck.) Garcke. 
An introduced weed, 3-10 dm. tall; leaves ovate-lanceolate, 3-8 cm. 
long; flowers long-pedicelled; calyx 5-winged; petals pale red. 
Native of Eurasia. 
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Agrostemma githago L., the Corn Cockle, has been collected a few 
ti.Jnes in Alaska. Stems erect, simple or with a few branches, densely 
pubescent with appressed hairs, 3-9 dm. tall;. leaves linear-lanceolate; 
flowers showy; calyx ovoid, its lobes linear, foliaceous, exceeding the 
petals; deciduous in fruit; seeds numerous, black. 
Scale marked in millimeters. 
FIG. 
PLATE XVII 
359. Populus tremuloides Michx. Leaf and capsule. 
360. Popitlus tacamahacca Mill. Leaf and young capsule. 
361. Populus tricocarpa T. & G. Leaf and dehisced capsule. 
362. Myrica gale L. Leaf and drupe. 
363. Betula glandulosa Michx. All drawings of Betula show leaf, scale and nutlet. 
364. Betula nana exilis (Sukatch.) Hult. 
365. Betula papyrifera occidentalis (Hook.) Hult. 
366. Betula kenaica W. H. Evans. 
367. Betula resinif era Britt. 
368. Betula glandulosa X resinifera (B. eastwoodae Sarg.) 
369. Betula glandulosa X resinifera another form. 
370. Betula kenaica X nana exilis (B. hornei Butler) 
371. Alnus crispa (Ait.) Pursh. Illustrations of Alnus show leaf and nutlet. 
372. Alnus fruticosa Rupr. 
373. Alnus fruticosa var. sinuata (Regel) Hult. 
374. Alnus incana (L.) Moench. 
375. Alnus oregona Nutt. 
376. Urtica lyallii Wats. Leaf and fruit. 
377. Urtica gracilis Ait. Leaf, flower, fruit, and utricle. 
378. Arceuthobium tsugense (Rosend.) G. N. Jones. End of branch. 
379. Geocaulon lividum (Rich.) Fern. Leaf, flower, fruit. 
380. Koenigia islandica L. Node with leaf, fruit. 
381. Rumex acetosella L. Le.aves, fruit. 
382. Rumex acetosa L. Leaves and fruit. 
383. Rumex obtusifolius agrestis (Fr.) Danser. Leaf and fruit. 
384. Rumex maritimus L. Leaf and fruit. 
385. Rumex crispus L. Basal leaf, stem leaf, and fruit. 
386. Rumex domesticus Hartm. Leaf and fruit. 
387. Ru~ex arcticus Trautv. Leaves and fruit . 
387a. Rumex arcticus Trautv. An extreme form. 
388. Rumex fenestratus Greene. Leaf and fruit. 
389. Rumex transitorius Rech. f. Leaf, fruit, and ·achene. 
390. Oxyria digyna (L.) Hill. Fruit and leaf. 
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PLATE XVIII 
391. Polygonum convolvulus L. Leaf, fruit, and achene. 
392. Polygonum bistorta plumoswrn (Small) Hult. Leaf, flower, and achene. 
393. Polygonum viviparum. Leaves, flower, and bulblet. 
394. Polygonum alaskanmn (Small) Wight. Leaf, flower, and achene. 
395. Polygonum amphibium laevimm:ginatum Hult. Leaf, flower, and fruit of aqua-
tic form. 
395a. Polygonum amphibium ZaevimarginattLm.Hult. Leaf and nodal sheaf of terres-
trial form. 
396. Polygonum nodosum Pers . Node with leaf and achene. 
397. Polygonum persicaria L. Node with leaf and triangular and flat achenes. 
398. Polygonum caurianum Robins. Leaf imd fruit . 
399. Polygonum fowleri Robins. Node with leaf, fruit, and achene. 
400. Polygonum buxiforme Small. Node with leaf, fruit, and achene. 
401. Polygonum heterophyHum Lindm. Leaf, fruit, and achene. 
402. Polygonum achoreum Blake. Node with leaf. fruit, and achene. 
403. Polygonum neglectum Bess. Leaf, fruit, and achene. 
404. Chenopodium capitatum (L.) Achers. Leaf and utricle. 
405. Chenopodium glaucum salinum (Stand.) Aellen. Leaf and top and side view of 
fruit. 
406. Chenopodium album L. Leaf, flower, and utricle. 
407. Monolepis nuttaltiana (Schult.) Greene. Leaf, fruit, and sepal. 
408. Atriplex alaskensis Wats. Leaf and fruit . 
409. Atriplex gmelini C. A. Mey. Leaves and fruit. 
410. Corispermum hyssopifolium L. Lower leaf, upper leaf, and utricle. 
411. Suaeda maritima (L.) Dumort. Node with leaf, fruit, and utricle. 
412. Salicornia herbacea L. Flowering spike, a portion enlarged. 
413. Salicornia pacifica Standl. Flowering spike enlarged. 
414. Claytonia tuberosa Pall. Tuber with leaf, calyx, and seed. 
415. Claytonia acutifolia Pall. Leaf, petal, seed, and calyx. 
416. Claytonia arctica Adams. Basal leaf, petal, calyx, and stem leaves·. 
417. Claytonia sibirica L. Basal leaf, stem leaves seed, petal, and sepal. 
418. Claytonia sarmentosa C. A. Mey. Basal leaf, sepal, stem leaves, petal, and seed. 
419. Claytonia scammaniana Hult. Basal leaf, petal, calyx, and stem leaves. 
420. Claytonia perfoliata Donn. Basal leaf, seed, calyx, and stem leaves. 
421. CZaytonia chamissoi Esch. Leaf, petal, and sepal. 
422. Claytonia flagellaris Bong. Calyx, basal leaf, and petal. 
423. Mantia lamprosperma Cham. Fruit, leaf, seed. 
424. Cerastium maximum L. Leaf and fruit. 
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425. Cerastium arvense L. Node and fruit. 
426. Cerastium glomeratum Thuill. Leaf and fruit. 
427. Cerastium caespitosum Gilib. Leaf and fruit. 
428. Cerastium beeringianum C. & S. Leaf and fruit. 
429. Cerastium fischerianum Ser. Leaf and fruit. 
430. Stellaria media (L.) Cyril. Leaf and fruit. 
431. Stellaria alaskana Hult. Leaf and flower. 
432. Stellaria ruscifolia aleutica Hult. Leaf and flower. 
433. Stellaria crispa C. & S. Leaf and fruit. 
434. Stellaria longifolia Muhl. Leaf and fruit. 
435. Stellaria laeta Rich. Leaves and fruit. 
436. Stellaria longipes Goldie. Leaf and fruit. 
437. Stellaria humifusa Rottb. Leaf and fruit. 
438. Stellaria crassifolia Ehrh. Leaf and fruit. 
439. Stellaria calycantha Bong. Leaves and fruit. 
440. Stellaria sitchana Steud. Leaves and fruit. 
441. Arenaria peploides major (Hook.) Hult. Node, fruit, and seed. 
442. Arenaria physodes Fisch. Node, fruit, and seed. 
443. Arenaria lateriflora L. Leaf and fruit and seed. 
444. Arenaria humifusa Wahl. Node, fruit, and seed. 
445. Arenaria dicranoides (C. & S.) Hult. Top of flowering stem and seed. 
446. Arenaria capillaris Pair. Capsule, seed, and leaf. 
447. Arenaria elegans C. & S. Leaf, seed, and fruit. 
448. Arenaria stricta (Sw.) Michx. Leaf, seed, and fruit. 
449. Arenaria rubella (Wahl.) Sm. Fruit, seed, and leaf. 
450. Arenaria laricifolia (L.) Gray. Flower and leaf. 
451. Arenaria arctica Stev. Seed, leaf, and fruit. 
452. Arenaria macrocarpa Pursh. Leaf, fruit, and seed. 
453. Sagina linnaei Presl. Fruit, seed, and leaf. 
454. Sagina intermedia Fenzl. Fruit, seed, and leaf. 
455. Sagina crassicaulis Wats. Fruit, seed, and node. 
456. Spergula arvensis L. Fruit, seed, and node. 
457. Spergularia canadensis (Pers.) G. Don. Fruit, seed, and node. 
458. Silene acaulis L. Leaf and calyx. 
459. Silene repens Patin. Calyx and leaf. 
460. Silene menziesii Hook. Fruit (the capsule dehisced) and leaf. 
461. Silene williamsii Britt. Fruit and leaf. 
462. Lychnis apetala L. Seed, fruit, and leaf. 
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SOME FACTORS IN THE PRODUCTION AND GERMINATION OF 
SPORES OF DIPLODIA ZEAE IN CULTURE1 
G. c. KENT 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Received October 12, 1945 
In the course of laboratory tests it has been found that the germina-
tion of spores of Diplodia zeae (Schw.) Lev., produced naturally or arti-
ficially, may vary from 0 to 99 per cent. The spores produced naturally on 
corn stalks are likely to be different strains and to have different capa-
bilities (Burrill and Barrett (1), Heald, Wilcox, and Pool (2). While 
there is no definite evidence of races of D. zeae, Hoppe (3) and others 
have found variations in the growth capacities of different cultures. In 
routine laboratory cultures even the formation of pycnidia is frequently 
very sparse and uncertain. In tests dealing with the physiological reac-
tions of D. zeae, a suspension of spores known to have a high percentage 
germinability is essential. It is desirable, further, that these spores be 
available o,ver a period of time and that the conditions essential to their 
production be known. The conditions necessary for the production and 
germination of spores of D. zeae weJ;"e, therefore, investigated. 
METHODS 
Diplodia zeae grown on a thick layer of agar in a petri dish produced 
pycnidia completely submerged and the spores, which could be suspended 
in water only with difficulty, if at all, were low in germinability. The pro-
duction of pycnidia and spores was found to be most reliable when the 
organism was grown on a thin layer of agar congealed on the sides and 
bottom of an Erlenmeyer flask. The culture of D. zeae employed was iso-
lated 6 months previously from an infected kernel of corn grown at Ames, 
Iowa, and was used as inoculum in 5 mm. discs of 96 hour cultures on 
potato dextrose agar. 
EXPERIMENTAL RESULTS 
SPORE PRODUCTION: The nature of the nutrient used in the agar in-
fluenced the type of growth and the spore production as is indicated in 
Table 1 for six of the more favorable media. Water agar, cellulose agar, 
green-bean-extract agar, sweet-clover-stem-extract agar, 1 per cent dex-
trose agar, and 2 per cent dextrin agar yielded a rather sparse vegetative 
growth, very few pycnidial bodies and apparently no spores after 8 weeks. 
Maltose agar, sucrose agar, potato-extract agar, and potato-dextrose agar 
gave fair to excellent vegetative gJ;"owth, but very poor pycnidial forma-
tion and few spores. Starch agar, carrot-extract agar, cornmeal-extract 
' Journal Paper No. J -,1326 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 93. 
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agar, and oatmeal-extract agar yielded a fair to good vegetative growth, 
good to excellent pycnidial formation and an abundant supply of spores. 
The majority of these tests were conducted by growing the organism at 
25°C. in the dark, but nearly all were verified in later tests under the 
more favorable conditions detailed below. 
TABLE 1 
GROWTH , P YCNIDIAL FORMAT ION, AND SPORE PROD UCTION OF D. i:.eae 
A FTER 30 DA VS ON VARIOUS M E DIA 
-
M edium Growth 
Pycnidial 
Formation Spores 
Oatmeal extract ... . . . .... ++ ++++ ++++ 
Corn meal extract . . ... ... +++ +++ ++++ 
Carrot extract. . . .. . ...... +++ ++ ++ 
Potato extract. ...... , .... ++ + ++ 
Starch (2%) .. . .. . . . . . . . . ++ ++ + 
Maltose (2%) .. . . ... . . . .. ++++ ++ + 
_._ 
The cornmeal and oatmeal-extract agars were the best media, with 
the latter appearing superior in the later, controlled tests. The medium 
was made by cooking rolled oats in a double boiler for 10-12 minutes and 
then filtering through 4 thicknesses of cheesecloth. The medium contained 
the extract of 6 gm. of oatmeal and 2 gm. of agar per 100 ml. Heald, 
Wilcox, and Pool (2) found cornmeal agar yielded the best growth while 
Burrill and Barrett (1) said boiled rice was the best, although they used 
cornmeal agar a great deal. 
During the tests with the different media it was noted that the con-
ditions under which the cultures were incubated had a pronounced in-
fluence on the production of pycnidia and germinable spores. 
Seeded flasks of oatmeal-extract agar were incubated in 20° C. in-
cubator and at a room temperature of 30°C. From the results, it appeared 
that 30°C. might be the better, but the spores were found to lose their 
viability very rapidly. Two factors seemed to be confounding the results, 
the lack bf light in the 20°C. incubator and the rapid drying at 30°C. 
Light appeared to have a stimulating effect on. spore production as 
may be seen in Table 2. In addition the spores so produced were highly 
germinable if the medium was not allowed to dry. In the presence of a 
40-watt lamp, incubation at 20°C. seemed to be superior, from the stand-
point of the production of highly germinable spores, to incubation at 30°C. 
as shown in Table 3. 
The presence of moisture in the incubation chamber when held in 
the light at 20°C. did not increase spore production. It may be questioned, 
in view of the work of McCallan and Wilcoxon ( 4) , whether the collection 
of spores produced from transfers made at the same time really lowers 
the variation in germination of spores in laboratory tests. Since D. zeae 
is usually transferred by mycelial fragments rather than spores, and 
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T ABLE 2 
PRO DUCTION OF S
0
P O R ES BY D . ;:eat IN LIG HT AND DARK 
No. of Pycnidia Sporulation 
Percentage 
Germination 
Light . .... ....... . 633 ++++ 2 
Dark ... . .. . ...... . 93 ± 92 
Light ... ....... . . . 125 +++ 80 
Dark ...... .. . . .... 9 - -
Light .... .. .. ..... 540 ++++ 73 
Dark .............. 133 ++ 77 
Light .. ......... .. 55 ++++ 90 
Dark ............. . 30 - -
Light ...... . . . . . . . 250 ++++ 89 
Dark .... . ......... 25 ++ 99 
Light ...... .. .. ... 406 ++++ 94 
Dark .............. 68 ++ 98 
vegetative variation in the species i,s infrequent, the va:r:iation between 
sister transfers may not be as great as in the above work. 
It appeared that cultures on oatmeal-extra.ct agar in thin layers on 
the walls of small fl.asks, incubated at 20°C. in a dry atmosphere in the 
presence of light, produced highly germinable spores in 30 days, but the 
germinability decreased rapidly. If incubation was in a moist atmosphere 
the spores were produced more slowly, reached maximum germinability 
after 60 days, and retained the high germinability for at least an additional 
90 days. The incubation under moist conditions frequently resulted, 
however, in up to 25 per cent contamination. 
TABLE 3 
THE P RODUCTION OF SPORES BY D . zeae AT 20° A ND 30° C ENTIGREAD 
Degrees 
Centigrade No. of Pycnidia Sporulation 
Percentage 
Germ ination 
20 .. . ... . . ...... .. 125 +++ 80 
30 ... . . . ....... . .. 50 + 72 
20 ................ 633 ++++ 2 
30 .. . ...... . ...... 107 ++ 75 
20 ................ 55 ++++ 90 
30 .............. . . 74 ++ 65 
20 . ........... .. .. 540 ++++ 73 
30 ... . . . . ....... . . 229 +++ 80 
20 ... . ........ . . . . 250 ++++ 89 
30 . .. . . ... .... . . .. 0 - -
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SPORE GERMINATION: The germination of a high percentage even of 
germinable spores of D. zeae is obtained only by proper procedures during 
the tests. The handling of hanging-drop slides in large numbers during 
germination tests became difficult and too time-consuming. The spore 
suspension was placed in the well of a ground glass slide and covered with 
a cover glass. The slides were incubated in moist chambers (200 mm. 
petri dishes) at 28-30°C. Under these conditions germination was usually 
complete in 10-14 hours and the germ tubes became entangled to an extent 
that records were difficult after 18-20 hours in a satisfactory medium. 
Under these conditions the germination in paired slides varied. Similar 
slides were set up and the cover glasses left off. The results of 12 such tests 
indicated that spore germination was apparently not affected by the pres-
ence of a cover glass. In subsequent tests the cover glass was omitted as 
this allowed the use of a water-immersion objective which greatly facili-
tated the determination of germination. 
TABLE 4 
P E RCENTAGE GERMINATION OF SPORES OF D. zeae IN DIFFE RENT SOLUTIONS 
Starch 
23 
95 
98 
98 
97 
89 
96 
Carrot 
Extract 
99 
98 
98 
97 
98 
Dextrose 
2% 
97 
86 
98 
Water 
36 
The nature of the suspending liquid seemed to influence germination. 
As recorded in Table 4, carrot-extract was the most reliable liquid for 
obtaining a high percentage of germination. 
The variable germination of the spores was thought to be due par-
tially to the formation of toxic materials in the agar and the diffusion of 
the toxins into the liquid when making the spore suspension. Spores were 
suspended in distilled water, centrifuged twice in an angle centrifuge and 
then suspended in carrot decoction. The results of such tests recorded 
in Table 5 indicated that washing the spores helped to lessen the variation 
in germination but did not give evidence of the presence at all times of 
a toxic effect. 
SUMMARY 
The production of pycnidia and the formation of germinable conidia 
by Diplodia zeae was found to be greatest when grown on a thin layer of 
oatmeal-extract agar on the sides and bottom of an Erlenmeyer fl.ask. 
Incubation of such fl.asks at 20°C. in light was found to be the most 
favorable combination of temperature and light conditions for the produc-
tion of a large number of germinable conidia. 
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T ABLE 5 
THE G ERMINATION OF C ENTRIFUGED AND N ONCENTR IFUGED S P O RES OF Diplodia <:tae 
Age 
28 ... . ........ . ... .. .... . 
42 ............... . ...... . 
42 ....... . .... . ....... : .. 
127 .. .. .. .. ......... . .... . 
127 . . . . ... . .......... . .. . . 
127 .. .. •.. . ............. . . 
127 . . . . ........ . . . . . .. . . . . 
58 ...................... . 
117 .. . . .............. . ... . 
117 ...................... . 
252 .. . ........... . ....... . 
Centrifuged 
95 
22 
81 
98 
99 
99 
98 
94 
98 
87 
84 
Noncentrifuged 
98 
38 
33 
69 
99 
93 
99 
90 
62 
85 
73 
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Spores washed in sterile distilled water germinated better than those 
not washed. 
Carrot extract was the most favorable medium for spore germination. 
Washed spores incubated in carrot-extract germinated 90 per cent 
after 12 hours incubation at 28-30°C. Uni::overed ground glass slides 
were found to be the most satisfactory for the incubation of spore sus-
pensions. 
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The presence of dextrose in egg white is known to be responsible 
for the development of color and insolubility in the stored dried prod-
uct (1). In an effort to render the dextrose non-functional, a number of 
amino acids and derivatives are being tested as additi~es which might 
conceivably react preferentially with the dextrose. Subsequent reaction 
of dextrose and protein systems in egg white would thereby be inhibited. 
The reaction of amino acids and aldoses has been studied by many 
workers (cf. 2-4, and bibliographies). In general, these reactions pro-
ceed to the formation of complex, highly colored products, frequently 
designated as melanoidins. Cysteine, however, is known to form a rela-
tively stable, colorless thiazolidine carboxylic acid with dextrose (5, 6). 
R 
CH 
/ "' R S NH 
I I I 
CHO + HSCH2CHNH2COOH =CH2-CHCOOH +HOH 
When produced in a pH range in which cysteine is not markedly unstable, 
this compound is relatively uncontaminated by colored impurities and 
the resultant egg preparation is not as discolored as when other amino 
acids are used as additives. It is important to add the cysteine in propor-
tions which represent at least an equimolar ratio with the dextrose pres-
ent. Cysteine has been tested as a fat antioxidant in whole egg (7). In 
this latter case it was added in amounts which correspond on a molar 
basis to less than 15 per cent of the dextrose present in the egg. The differ-
ence in ratios appears to ·be critical. . 
The effects on solubility and color of dried egg white are presented 
in Table 1. The results show that both glycine and cysteine retarded the 
development of insolubility. The egg white treated with glycine developed 
a darker color earlier than did the untreated sample. The sample to 
which cysteine had been added developed less color than either of the 
others. These facts indicate that the melanoidins were formed from the 
dextrose of the egg white and the added glycine; in the case of cysteine, 
some of the colorless thiazolidine derivative must have formed, probably 
1 Journal Paper No. J-1307 of the Iowa Agricultural Experiment Station Project 
No. 898. The financial assistance of Armour and Co. in part of this work is ac-
knowledged. 
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concomitantly with a small amount of melanoidin from cysteine and 
dextrose. 
The results to date suggest that the use of amino acids and deriva-
tives may offer an economical means of inactivating reducing sugars in 
systems in which their presence is undesirable for food processing. At 
least one of the undesirable features of the products may be minimized 
by selection of an amino acid, such as cysteine, which reacts with the 
aldose so as to prevent decomposition of the initial condensation product. 
Evidence is accumulating that the initial reaction of glucose with amino 
acids may be facilitated by esterification of the carboxyl group (6, 8). It 
T ABLE 1 
CoLoR, pH, AND SoLua1uTv C HANGES t N TREATED Eoo WmTE SAMPLES 
Solubility pH Color 
D ays ------------
Stored U n- G ly- Cys- U n- Gly- Cys- Un- Gly- Cys-
a t 50° C. treated cine teine treated cine teine trea ted cine teine 
--------
0 . .. .. . . 100 100 100 9 .68 9 .30 9 .50 Colorless Colorless Colorless 
--------
Yellow Der~< Light 
7 .. ..... 78 100 99 9 .18 8 .57 9. 01 Orange Brown Yellow 
--------
Yellow Dark Yellow 
14 .. ... .. 54 100 97 9 .01 8 .68 8 .98 Orange Brown O range 
----------
Dark Yellow 
25 . ...... 37 98 95 8 .54 8.49 8.68 Brown Brown 0range 
----------
D ark 
72 . ... ... 25 85 . 83 8 .20 8 .10 8 .20 Brown 
is possible, for instance, to isolate a crystalline addition product of ethyl 
tyrosinate and glucose at room temperature within one day (8) . 
EXPERIMENTAL 
Cysteine hydrochloride was prepared from Eastman cystine by the 
standard reduction with tin and hydrochloric acid. The tin was carefully 
removed by hydrogen sulfide treatment. The glycine used was an East~ 
man product. 
The amounts of mate~ial used were for glycine, 0.23 per cent of the 
liquid egg white, for cysteine hydrochloride, 0.48 'per cent. The glycine 
and the cysteine hydrochloride were each dissolved in water and added 
to liquid egg white. The liquids were allowed to stand overnight. In the 
case of the cysteine samples, the pH was first returned to the indicated 
value (Table 1) by addition of sodium hydroxide solution, since the pH 
had dropped to 6.5 on addition of cysteine hydrochloride. At this point 
pH's were: 
Untreated sample ..... ..... ..... ......... ...... ... .............. . 8.8 
Sample with glycine .... ............... ... ..... .. ........ ..... 8.5 
Sample wtih cysteine ........ .... .. ............ ....... ....... 8.6 
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The liquids were· then dried in shallow layers in pans, by a current of 
warm air. The dry material was powdered, adjusted to a moisture content 
of 10 per cent, and placed in test tubes which were next sealed by waxed 
rubber stoppers. The tubes were then placed in an oven at 50°C. 
1 
Solubility in Table 1 represents the fraction of the solid content of 
the original soluble material which could be redissolved in water, by a 
previously described method (1). The pH and color of Table 1 represent 
the values for the mixtures reconstituted - with distilled water to the 
volume of the original. 
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INTRODUCTION 
Sixty or more varietal names have been given to specimens of Con-
volvulus arvensis L. in Europe, but only a single variety (C. arvensis var. 
obtusifolius Choisy) has been generally recognized in North America (4). 
Many of the European varietal names are based on floral characteristics, 
equally as many or more are based on shape, size, and pubescence of 
leaves, and a few are based on habit of growth or on combinations of some 
of these characteristics. In the United States these variations have been 
ascribed to environmental factors such as light, moisture, soil fertility , 
soil treatment, and frequent cutting of plants, but Kiesselbach, Petersen, 
and Burr (2) have suggested that these variations might be inherited. 
Spegazzini (5) gave six principal points as bases for recognition of 
variability in Argentine forms: (a) size of the plant, (b) shape of leaf 
blades, (c) consistency, transparency, pubescence and color of the leaves, 
(d) punctation (presence or absence of pellucid dots or lines), (e) length 
and degree of straightness of the petioles, and (f) distance between leaves 
on the stems. With regard to the shape of leaf blades, he also described 
three ratios of length to width, three types of auricles at base of blades, 
three kinds of leaf apices (acute, obtuse, emarginate), and three types of 
leaf margin (entire, dentate, undulate). On the basis of such points he 
recognized seven forms of the field bindweed growing in the vicinity of 
La Plata. 
The influence of external factors on shape and life-relations of the 
leaves of bindweed have been studied by Magocsy-Dietz (3) 4 , who con-
sidered strong sunlight and moderate moisture to be optimum conditions 
for the growth of this species. Plants grown under these optimum condi-
tions have "mainly broadly sagittate or, at most, hastate leaves." Less 
water and more shade commonly produced hastate leaves, while a dry, 
sunny habitat produced narrow-lanceolate leaves, usually borne on pros-
'Journal Paper No. J-1329, Iowa Agricultural Experiment Station Project No. 559. 
• Formerly Agent, Division of Cereal Crops and Diseases, Bureau of Plant In-
dustry. 
' The writer wishes to express his appreciation to Dr. R. H. Porter for his counsel 
during the progress of this study and for his aid, as well as that of Dr. J . C. Gilman 
and Charles Gilly, in the preparation of the manuscript. 
' Translated and abstracted by Dr. J . E. Sass, Assoc. Prof. of Botany, Iowa State 
College. 
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trate stems. The parenchyma of the leaf was decreased in the lanceolate 
forms. When plants were grown in diffused light (such as that in a green-
house), watered moderately and held at a low temperature 6-8°C., the 
leaves remained small and round, as in the characteristic juvenile stage. He 
regarded the hastate forms as heliophobes, the sagittate forms as helio-
. philes, and stated that an established leaf type remained constant when 
the plant was grown in a constant environment. Once a leaf type was 
established in the seedling, it could not be changed by changing the en-
vironment. Excluding juvenile ovate forms, wh.ich he considered rever-
sionary, leaf modifications fell within certain shape limits-Le., lanceolate 
to sagittate-which he believed to be inheritable. 
Although the field bindweed has long been recognized as an open-
pollinated, heterozygous species in which variations in size and shape 
of leaves might well be expected, a search of the literature failed to dis-
.close records of anyone who has grown plants from seed and observed 
the variation in leaf form. The studies reported herein, therefore, were 
undertaken. This paper records variations in leaf form and growth habit 
observed in plants of the species grown from seeds planted in the green-
house, and variations in flowers, leaves, growth habit and aggressiveness 
of plants of the species grown under field conditions. Attempts were also 
made to obtain seed from plants with different leaf types by selfing the 
flowers. The intention was to study the inheritance of leaf variations. 
Unfortunately no seed was obtained at that time and since no subsequent 
opportunity has occurred to make a further attempt the data thus far 
obtained are herein presented. 
MATERIALS AND METHODS 
During the summer of 1935 the writer collected a quantity of seed of 
field bindweed from plants growing in a region of severe infestation near 
Viborg, South Dakota. Seeds were also obtained from Kansas and Cali-
fornia. Soon after collection, and following procedure previously re-
ported (1), mature seeds were treated with concentrated H2S04 for one 
hour and then were planted in a 50-50 mixture of compost and clean 
sand in small greenhouse pots. The young plants were later transferred 
to larger pots. About two months after planting, collections of leaves were 
made from plants with the most striking forms of leaves. 
In late July of 1936, root and stem-cuttings of twenty-two of the 
plants-each with a different type of leaf-which had been growing in 
the greenhouse for about eleven months were transplanted to the field. 
Each plant was given a space of about 150 square feet. Because of mor-
tality at different times, it was necessary to make series of replacements 
at intervals during the following months. By October some of the forms 
were firmly established and were producing new plants from under-
ground stems. Root and stem-cuttings of the twenty-two forms were also 
kept in the greenhou~e for comparative study. 
• 
•. 
Fm. 1. Leaves from 21 plants of C. arvensis grown from seed collec;ted in $01,1th 
Dakota. Each leaf re{)resents a single plant. 
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GREENHOUSE OBSERVATIONS 
Within a few weeks after transplanting from small to large pots, some 
of the plants showed considerable differences in size, shape, and color of 
leaves. .It should be noted that differences in leaf color became less evi-
dent as the plants continued to grow and the leaves matured. 
Twenty-one representative leaves, taken from as many plants obtained 
from South Dakota seed, are shown in Figure 1; all of the leaves on any 
particular plant were of the same general shape, size, and color as the one 
in::luded in this figure. Some characters observed were not always con-
stant. On the plant of the bidentate-leaved form (T), which might be 
regarded as forma bidentatus Casp., the lateral teeth were not evident at 
all. times; usually there was only a slight indication of teeth at the juncture 
oi. the median and lateral lobes. Similar teeth were observed on some • 
leaves of the plant from which the linear-formed leaf (C) ~as taken, and 
such teeth were also noted in a sketch of a leaf of var. linearifolius Choisy 
obtained from the Museum at Copenhagen. 
Varying degrees of pubescence noted on the leaves of some of the 
plants appeared to have no relationship to leaf shape, but the heavier 
pubescence was generally on small-leaved plants-as might be expected. 
One plant, which was noticeably pubescent in early stages of growth, was 
found to be almost glabrous at a later date. Most of the leaves on the 
plant represented by D in Figure 1 were so rugose that it was difficult 
to press a representative leaf without creasing it. · 
There are less variations in leaf shape among the plants grown from 
Kansas and California seed than among those from seed collected in South 
Dakota. In general, the plants developed from the seed obtained in 
Kansa~. had longer, more pointed leaves than those from California seed. 
Examples of climbing and prostrate plants grown from the South 
Dakota seed are shown in Figures 2 and 3. It will be noted that there 
is considerable variation in size and shape of leaf, as well as in plant 
vigor, and climbing habit, within each group. 
FIELD OBSERVATIONS 
Typical leaves from each of ten of the twenty-two plants set in the 
field as rooted cuttings in July of 1936 are shown in Figure 4. In this 
figure the alphabetical designation of a particular leaf form is the same 
as for the leaf from the parent plant shown in Figure 1; since both of 
these figures are represented on the same size scale, it will be readily 
apparent that the leaves produced by the plants in the field were con-
siderably larger than those produced by the same plants in the green-
house. The general leaf shape changed but little after the rooted cuttings 
developed in the field, but leaves of narrow form seemed to be propor-
tionately broader and leaves of broad form seemed to be proportionately 
narrower. 
The plants in the field showed varying degrees of aggressiveness, as 
measured by the area occupied by the plants after one year of growth. 
Extension of area covered by an individual plant was largely by means 
FIG. 2. Three climbing forms of Convolvulus arvensis grown from seed, each 
plant with leaves of different size and shape . 
• • 
A H 
FIG. 3. Three prostrate forms of Convolvulus arvensis grown from seed, each 
plant with leaves of different size and shape. 
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Frc. 4. Leaf shapes of 10 variations of C. arvensis after one year of growth in the 
field. Leaf size is greater than from the same plants in the greenhouse. 
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of new plants produced from underground stems-a characteristic of 
Convolvulus arvensis which causes the species to be classified as a very 
noxious weed. One plant, represented by leaf B in Figure 4, produced 
fourteen new plants; the most distant of these developed forty inches away 
from the parent plant. Others had no underground stems. In general, 
it was noted, the larger-leaved plants were the most aggres e. Charac-
TABLE 1 
THE AMOUNT OF GROWTH IN THE FIELD AND BRIEF DESCRIPTIONS OF THE L EAVES AND FLOWERS 
OF 22 PLANTS OF Convolvulus arvensis L. GROWN FROM SEED O BTAINED IN SOUTH DAKOTA 
Area 
Form 
Square 
Feet Type of Leaves Flowers 
A 4 Smallest, hastate ' Many, small, pink 
B 280 Large, hastate None 
c 4 Very narrow, auriculate None 
D 210 Large, broad, auricles rounded Many, white, lobed 
E 4 Medium, slender, hastate Few, pink outside 
F 220 Largest, broadest, auriculate Many, pink, peduncles 
times 2-flowered 
some-
G 54 Small, broad, hastate Many, white, plaits pink out-
side 
H 120 Medium, slender, sagittate Few 
I 4 Medium, broad, hastate Few, peduncles sometimes 2-
flowered 
J 4 Small, slender, sagittate Few 
K 144 Medium, broad, slightly auriculate Many 
L 252 Long, slender, strongly hastate Few, pink with white plaits 
M 132 Narrow, strongly hastate None 
54 Medium, truncate at base Few, white, peduncles some-
times 2-flowered 
0 156 Medium, broad, auricles rounded Few, bracts near the stem 
p 2 Long, slender, slightly hastate Few, white, slight pink on out-
side 
Q 120 Large, broad, auricles pointed Few, peduncles sometimes 
2-flowered 
R 25 Long, slender, hastate None 
s 72 Medium, emarginate at tip None 
T ·49 Medium, auricles bicuspidate None 
u 72 Long, slender, sagittate None 
v 0 . 25 Small, rugose, coriaceous None 
teristics of growth-form in individual plants were as variable in the field 
as in the greenhouse. 
Some of the plal:).ts did not bloom during the course of this study. 
Those which did produce flowers exhibited slight variations in the size, 
shape and color of the flowers, and number of flowers per peduncle. 
A comparison of leaf form, flower characteristics and aggressiveness 
(represented in number of square feet of space occupied) of individual 
plants of the twenty-two forms studied is made in Table 1. Alphabetical 
designation of any particular plant is the same as in Figures 1 and 4. 
SUMMARY 
Marked variations in leaf form and size and in growth habit were 
noted in plants of field bindweed (Convolvulus arvensis L.) grown in the 
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greenhouse from seed obtained from South Dakota, Kansas and California. 
Comparisons in leaf size and shape were also made between these plants 
and rooted cuttings from the same plants but grown under field condi-
tions. Additional observations as to variation in flower size and color, 
and aggressiveness of individual plants characterized by different types 
of leaf form ere made in the field plot. 
The leaf variations noted and recorded among plants grown from seed 
in the greenhouse were well maintained on plants grown in the field from 
rooted cuttings. It appears that these variations are inherent in the indi-
vidual plant of field bindweed, although they may be somewhat modified 
by field environment. The writer believes that the number of intermediate 
gradations is so great that it seems inadvi,sable to retain any varietal 
names of this species. In this connection the conclusion of Wooton and 
Standley (6) is of interest. They stated that "it seemed ill-advised to at-
tempt to separate any of the forms. . . The amount of variations among 
the different forms is very slight, and every possible intermediate can be 
found between them." The main point of difference between the conclu-
sions of Wooton and Standley and the writer is in the amount of variations 
which as illustrated herein are more than slight. 
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Alaska, flora of, V, 297 
Albumen, dried egg, non-microbiological 
changes during storage, 22 
Ameiuridae, 67 
Antimalarials, synthetic, of polynuclear 
heterocycles containing oxygen and 
sulfur, 3 
Atabrine, plasma, estimation of levels of, 
403 
Atherinidae, 76 
Barypolynema, 282 
Basses, of Clear Lake, Iowa, 69 
Bast fibers, 
Apocynum cannabinum, 367 
Asclepias sullivanti, 373 
Asclepias syriaca, 370 
Asclepias v erticillata, 374 
Cannabis sativa, 369 
Gonolobus laevis, 375 
Linum usitatissimum, 376 
Polygonum scandens, 375 
Bast fibers , structure, properties, and 
preparation of, 365 
Betulaceae, 218 
Bindweed, field, variations in, 269 
Brassicaceae, 315 
Bronze, determination of copper in, 155 
[491) 
492 SUBJECT INDEX 
Cabombaceae, 297 
Cake, angel, effect on, by concentrating 
egg white, 13 
Cake, sponge, magma from eggs in, 28 
Cakes, relative importance of air, steam, 
and carbon dioxide as leavening gases 
in, 19 
Calcium, exchange during weight re-
duction, 7 
Carbon dioxide, as leavening gas in 
cakes, 19 
Caryophyllaceae, 238 
Catfishes, of Clear Lake, Iowa, 67 
Catostomidae, 64 
Centrarchidae, 73 
Chaetomymar, 277 
Chenopodiaceae, 231 
Clear Lake, Iowa, fishes of, 57 
Consumer preferences, toward eggs, 30 
Convolvulus arvensis L., 269 
Copper, in bronze, determination of, 155 
Copper, separation of, from tin, 155 
Corn borer, starvation of larvae of, 53 
Corn, disease of, in Rio Grande Valley, 
423 
Corythaica 
acuta (Drake) , 93 
beilul.a Torre-Bueno, 93 
bosqi (Monte) , 98 
caestri (Reed) , 91 
carinata Uhler, 88 
costata Gibson, 94 
cucullata (Berg) , 87 
cyathicollis (Costa), 84 
cytharina (Butler) , 86 
monacha (Stal) , 82 
smithi Drake, 95 
umbrosa (Monte) , 95 
v enusta (Champion), 90 
Corythaica Stal, 79 
Cover, vegetative, on eroded soils, 101 
Cynaeus angustus Lee., 385 
Cyprinidae, 64 
Cyprinodontidae, 69 
Cysteine, retarding deterioration of dried 
egg white, 265 
Denaturation, of egg white foams, 10 
Dibenzofuran, in synthetic antimalarials, 
3 
Dibenzofuran, problem of bridging the l-
and 9-positions of, 15 
Dibenzothiophene, in synthetic antima-
larials, 3 
Diplodia zeae, in culture, 259 
Disease, of corn in Rio Grande Valley, 
423 
Droseraceae, 338 
Egg grading, and consumers' preferences, 
30 
Egg marketing, 30 
Egg products, liquid, viscosity of, 39 
Egg proteins, denaturation of, 39 
Egg white, dried, deterioration of, 265 
Egg white, effect of concentrating, on 
angel cake, 13 
Egg white foams, effect of sugar or salt 
upon, 10 
Eggs, magma of from fresh and aged, 
pasteurized, and dehydrated, in sponge 
cake, 28 
Electrodeposition, separation of copper 
from tin by, 155 
Energy, exchange during weight reduc-
tion, 7 
Erosion, see Soils, eroded 
Esocidae, 69 
European corn borer, starvation of lar-
vae of, 53 
Fat, different types, leavening gases in 
cakes made with, 19 
Fats, changes in, after prolonged storage, 
37 
Fishes, of Clear Lake, Iowa, 57 
Flora of Alaska, IV, Salicaceae to Caryo-
phyllaceae, 213 
Flora of Alaska, V, Cabombaceae to 
Droseraceae, 297 
Fruit key to the Umbelliferae in Iowa, 
349 
Fumariaceae, 314 
Gases, leavening, in cakes, 19 
Germination, of Diplodia zeae spores, 259 
Glycine, retarding deterioration of dried 
egg white, 265 
Grading, egg, 30 
Grasses, Xanthomonas parasitism on, 171 
Growth, correlation between hormones 
and, in maize, 42 
Heat treatments, effect on, on egg pro-
teins, 39 
Hemiptera: Tingidae, 79 
Hormones, in maize, 42 
Hymenoptera: Chalcidoidea, 277 
Hypophysectomy, in the pig, 46 
Killifishes, of Clear Lake, Iowa, 69 
Larvae, of corn borer, starvation of, 53 
Loranthaceae, 221 
Lymaenon, 286 
Magma, from eggs, comparative lifting 
power of in sponge cake, 28 
Maize, correlation of hormones and 
growth, 42 
Maize, correlative development of ear 
shoot of, 49 
Marketing, egg, 30 
Minnows, of Clear Lake, Iowa, 64 
Mymaridae, 277 
Myricaceae, 217 
Nitrogen, exchange during weight reduc-
tion, 7 
SUBJECT INDEX 493 
Nutrition-energy, nitrogen, and calcium 
exchange during weight reduction, 7 
Nymphaceae, 312 
Organoantimony compounds, containing 
water-solubilizing groups, 34 
Oxygen, in synthetic antimalarials, 3 
Papaveraceae, 313 
Parasitism, on grasses and cereals, 171 
Pennsylvanian sediments, effect of on 
Podzolic soil, 195 
Percidae, 75 
Perches, of Clear Lake, Iowa, 75 
Pig, hypophysectomy in, 46 
Pikes, of Clear Lake, Iowa, 68 
Plasma atabrine levels, estimation of, 403 
Platypatasson, 293 
Platystethynium, 290 
Podzolic soil, effect of Pennsylvanian 
sediments on, 195 
Polygonaceae, 223 
Portulaceae, 235 
Proteins egg, denaturation of, 39 
Pyrausta nubilalis, see Corn borer 
Ranunculaceae, 297 
Salicaceae, 216 
Salt, effect of upon egg white foams, J 0 
Santalaceae, 222 
Separation, of copper from tin, 155 
Serranidae, 69 
Silversides, of Clear Lake, Iowa, 76 
Soil aggregates, water-stable, mechanics 
in the formation of, 25 
Soil, effect of Pennsylvanian sediments 
on, 195 
Soils, eroded, plant growth conditions of, 
101 
Steam, as leavening gas in cakes, 19 
Suckers, of Clear Lake, Iowa, 64 
Sugar, effect of upon egg white foams, 10 
Sun.fishes, of Clear Lake, Iowa, 73 
Sulfur, in synthetic antimalarials, 3 
Sus scrofa domestica, see Pig 
Tetrapolynema, 279 
Tin, separation of copper from, 155 
Tingidae, 79 
Tingoidea, North American, 429 
Acalypta Westwood, 462 
Acanthocheila Stal, 469 
Acysta Champion, 458 
Aepycysta Drake and Bondar, 478 
Allotingis Drake, 471 
Alveotingis Osborn and Drake, 445 
Amblystira Stal, 455 
Ambycystra Drake and Hurd, 475 
Aristobyrsa Drake and Poor, 472 
Atheas Champion, 460 
Caloloma Drake and Bruner, 472 
Calotingis Drake, 454 
Corycera Drake, 457 
Corythaica Stal, 480 
Corythucha Stal, 482 
Dichocysta Champion, 453 
Dictyonota Curtis, 461 
Dicysta Champion, 477 
Dyspharsa Drake and Hambleton, 467 
Eocader Drake and Hambleton, 439 
Eotingis Scudder, 455 
Eurypharsa Stal, 468 
Galeatus Curtis, 478 
Gargaphia Stal, 479 
Hesperotingis Parshley, 446 
Hybopharsa, gen. nov., 467 
Idiostyla Drake, 449 
Leptodictya Stal, 452 
Leptopharsa Stal, 465 
Leptoypha Stal, 456 
Macrotingis Champion, 469 
Megalocysta Champion, 474 
Melanorhopala Stal, 446 
Monanthia Le Peletier and Serville, 450 
Pachycysta Champion, 474 
Phatnoma Fieber, 438 
Phymacysta Monte, 476 
Physat.ocheila Fieber, 451 
Pleseobyrsa Drake and Poor, 470 
Pseudacysta Blatchley, 459 
Stenocysta Champion, 473 
Stephanitis Stal, 481 
Teleonemia Costa, 447 
Tigava Stal, 449 
Tigavaria Drake, 449 
Tingis Fabricius, 463 
V atiga Drake and Hambleton, 466 
Zelotingis Drake and Hambleton, 473 
Zetekella Drake, 439 
Umbelliferae in Iowa, 349 
Urticaceae, 221 
Variations in field bindweed, 269 
Water-solubilizing groups, in organo-
antimony compounds, 34 
Weight, reduction of, nitrogen, calcium, 
and energy exchange during, 7 
Xanthomonas translucens (J.J. and R.) 
Dowson, parasitism of on grasses aud 
cereals, 171 
